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Scrence Changes 


This issue of Science starts not only a new month and a new volume but 
also a new format. The most obvious changes are the increase in over-all 
page size, a text page of three columns instead of two, the combination of 
“Technical Papers” and “Communications” into a single department, and 
the new department in which all material on scientific meetings is as- 
sembled. 

The principal reason for the change of page size is the expectation of 
greater income—income that can be used for the larger and stronger, and 
hence more expensive, editorial staff that can make Science into a more 
useful journal. Like many another periodical, Science depends on advertis- 
ing revenue for a fair portion of its budget. For a wide range of advertisers, 
Science is a good advertising medium. But many of these advertisers were 
handicapped, and sometimes frightened away, by our nonstandard page 
size, for many already designed advertisements had to be remade to fit a 
Science page. Advertisers, advertising space salesmen, printers, and pub- 
lishers were unanimous in advising the change and in predicting a larger 
advertising revenue if we made it possible for companies that advertise to 
scientists to use in Science the standard-size plates that can also be used 
in other journals. 

Changing size and format created an opportunity to make typographic 
improvements. Over the years, Science had gradually become a typographic 
hodge-podge in which half a dozen different type faces had been mixed to- 
gether in ways that would be hard to justify. In the new format the variety 
of type faces is greatly reduced. 

All these changes have been.made with good supporting reasons. Never- 
theless, a few complaints are inevitable. Changing the size of a journal is 
always a nuisance to librarians and to others who like to keep uniformly 
bound sets. To them all we apologize. There will probably be some com- 
plaints simply because there are changes, complaints that may echo those 
of several decades ago when Science abandoned the page size to which 
it is now reverting in order to adopt the size it is now abandoning. To 
those who dislike any of the current changes we also apologize. 

As a matter of fact, however, there have been several changes in page 
size and quite a number of changes in format, external appearance, and 
organizational and typographic details in Science’s 121 volumes. There may 
be others if future conditions indicate their desirability. For the time being, 
we have changed page size, largely to attract additional advertising but also 
to present more editorial matter on a given amount of paper. We have 
changed the number of columns per page to give greater flexibility of 
layout and have made the typographic changes to improve appearance and 
readability. It is our purpose to follow these changes with the more im- 
portant editorial improvements that both the readers and the editors of 
Science would like to see—D.W. 
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The Chloroplast as a Complete 
Photosynthetic Unit 


“Experimenters . . . never accept an 
immutable starting point; their principle 
is a postulate, all of whose consequences 
they logically deduce, but without ever 
considering it absolute or beyond the 
reach of experiment. All the theories 
which serve as starting points for .. . 
physiologists are true only until facts 
are discovered which they do not in- 
clude or which contradict them. When 
these contradictory facts are shown to 
be firmly established . . . experimenters, 
far from stiffening themselves against 
new evidence, hasten . . . to modify 
their theory, because they know that 
this is the only way to go forward and 
to make progress in science. Experi- 
menters, then, always doubt, even their 
starting point.”—Claude Bernard, Jntro- 
duction a l’Etude de la Médicine Expéri- 
mentale (1865). 


The thesis that I am attempting to 
document in this article (/) is that 
“complete photosynthesis—that is, re- 
duction of carbon dioxide to carbohy- 
drates, and oxidation of water to oxygen, 
at low temperature and with no energy 
supply except visible light—” (2) has 
now been accomplished outsice the liv- 
ing cell with the use of isolated chloro- 
plasts. The conclusion ‘drawn from the 
evidence presented is that chloroplasts 
are the cytoplasmic structures in which 
the complete photosynthetic process is 
carried out, both inside and, under suit- 
able conditions, outside the living cell. 
Since the evidence in support of this 
conclusion is presented in detail in other 
publications ffom our laboratory (3-7), 
I am concerned here only with the 
principal results of our work and with 
a review of other experiments on extra- 


The author is professor of plant physiology, Uni- 
versity of California, Berkeley. 
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cellular photosynthesis, chiefly those in 
which chloroplast preparations have 
been used. I have not attempted to re- 
view the numerous reports (2) of “arti- 
ficial photosynthesis” with chlorophyll 
solutions, dyes, or other “sensitizers.” 


Photosynthesis in Chloroplasts 


That chlorophyll is essential for pho- 
tosynthesis was first clearly and une- 
quivocally stated by Sachs in 1865 (8) 
almost 100 years after the discovery of 
the process. Of course, the association 
of green plants with photosynthesis had 
been obvious to physiologists during the 
preceding century, but even Theodore 
de Saussure, whose classical treatise (9) 
marked the beginning of modern con- 
cepts of plant nutrition, was misled by 
the red color of many leaves to question 
the indispensability of chlorophyll for 
assimilation of carbon dioxide in light. 
Sachs condemned the cautious belief of 
his contemporaries, that “green plants 
decompose carbonic acid,” by insisting 
that it was chlorophyll, or more properly 
the “chlorophyll-body” or chloroplast, 
that was the organ of CO, assimilation 
in light. When it was argued that since 
chloroplasts carry on photosynthesis only 
when present in the living cell and, 
hence, “not the chlorophyll (chloro- 
plasts) but the cell containing chloro- 
phyll is the organ of assimilation,” 
Sachs’ reply was that this is “somewhat 
equivalent to saying that the eye is not 
properly the organ of sight, since, when 
taken out of the head, it is no longer 
capable of seeing” (10). 

The basis for Sachs’ firm stand that 
the “chlorophyll-body itself [is] the 
organ which decomposes carbon dioxide 
and consequently assimilates the organic 
substance” was the fact that “no cell 
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assimilates so long as it possesses no 
green chlorophyll, but does so as soon 
as it is provided with it. The most defi- 
nite proof, however, is afforded by the 
fact . . . that the first recognizable prod- 
uct of assimilation [starch] appears not 
in any haphazard place in the [green] 
cell, but in the chloroplast-body itself” 
(10). Sachs’ conclusion, which was 
based on his classical experiments on 
starch synthesis in light, soon received a 
strikingly direct confirmation. In 1881, 
Engelmann (//) showed that the “eye” 
in Sachs’ simile could still see after its 
reinoval from the “head.” He succeeded 
in isolating chloroplasts from several 
species of green plants and demon- 
strated, for the first time, oxygen evolu- 
tion in light by chloroplasts outside the 
living cell. To demonstrate oxygen evo- 
lution, he developed an extremely sensi- 
tive microscopic technique: the motility 
of certain bacteria in the presence of 
minute traces of oxygen (//). With 
the same test, he was also able to show 
that in the intact, illuminated Spirogyra 
cell oxygen evolution is confined to the 
immediate vicinity of the chloroplast 
(12). 

The evolution of oxygen by isolated 
chloroplasts, confirmed by Haberlandt 
in 1888 (13) and by Ewart in 1896 
(14), was then accepted as the most 
direct evidence yet found that the role 
of chloroplasts in photosynthesis was 
that envisaged by Sachs. In 1897 one of 
the most distinguished plant physiolo- 
gists of the period, Pfeffer, expressed 
thus (15) what was to become a fixed 
tenet in plant physiology for the next 
40 years: “The actual assimilation of 
CO, probably takes place entirely in 
the chloroplastid, for by means of the 
delicate bacterium-method it may be 
shown that isolated chloroplastids occa- 
sionally continue to evolve oxygen in 
the light . . . if placed in an isoosmotic 
sugar solution.” 


Extracellular Photosynthesis 


The early experiments of Engelmann 
and his successors were not designed to 
test whether photosynthesis could be 
carried on outside the living cell. The 
philosophic outlook of biologists of that 
period on the possibility of reproducing 
a complex biochemical process outside 
a living cell was dominated by Pasteur’s 
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views on fermentation. After the publi- 
cation of his famous paper in 1857 
(16), Pasteur maintained throughout 
his life that fermentation is dependent 
on the life and integrity of the cell and 
that it does not occur in the absence of 
the living cell. Engelmann’s experience 
with isolated chloroplasts fitted in with 
this pattern of thought. His results did 
not suggest to him or to his contempo- 
raries the possibility of extracellular 
photosynthesis. He found that isolated 
chloroplasts could carry on oxygen evo- 
lution, for a limited time at best, and 
only if their struc.ure remained un- 
damaged. Engelmann summed up his 
conclusions in what was to become an 
often quoted dictum: “Sobald die 
Struktur des Chlorophyll Kérnes iiberall 
zerstort ist, hért die Méglichkeit der 
Sauerstoffproduktion sofort und defini- 
tiv auf.” It seemed clear, in the words 
of Pfeffer (75), that “the assimilation 
of carbon dioxide is a vital function, the 
chloroplastids being living mechanisms 
specially adapted for this purpose.” 
This conclusion also agreed with many 
observations that damage to whole 
leaves—such as that resulting from dry- 
ing, freezing, or boiling—results in ces- 
sation of photosynthesis. 

Pasteur died in 1895. Two years later 
Biichner (1/7) prepared from yeast a 
cell-free juice that fermented sugar. 
Compared with the cells from which it 
was derived, the juice was weak and its 
activity short-lived. Nevertheless, Biich- 
ner’s experiments electrified the scien- 
tific world at the time, for they demon- 
strated that—Pasteur’s great authority 
notwithstanding—complex biochemical 
reactions could be carried out by en- 
zymes in cell-free systems. It was only 
natural therefore to inquire whether 
other physiological processes, notably 
photosynthesis, could also proceed with 
“dead” cell preparations—that is, inde- 
pendently of the degree of cellular or- 
ganization associated with a living cell. 

It was in this different intellectual 
climate and with this new objective in 
view that Biichner himself suggested in 
1901 to Herzog (18) that he investigate 
whether a cell-free green juice from 
leaves, prepared by the procedure used 
by Biichner with yeast, could carry out 
photosynthesis under the influence of 
light. While Herzog’s work was in prog- 
ress there appeared a report by Friedel 
(19) which suggested that extracellular 
photosynthesis had been achieved. Frie- 
del prepared a green powder from 
spinach leaves dried at 100°C and, 
from fresh leaves, a glycerol extract 
containing enzymes (“diastase”). On 
illumination, neither preparation alone 
had photosynthetic activity, but after 
combining them Friedel reported an 
evolution of oxygen that he measured by 
gas analysis. He concluded from his ex- 
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periments that “L’assimilation chloro- 
phylienne est accomplie sans interven- 
tion de la matiére vivante, par une 
diastase qui utilise energie des rayons 
solaires, la chlorophylle functionnant 
comme sensibilisateur.” 

All was not well, however, with Frie- 
del’s work. In the fall of the same year 
he tried but failed to repeat (20) his 
experiments of the spring. He attributed 
his failure to an assumed low photo- 
synthetic activity of leaves in the fall. 
He indicated his intent to return to the 
problem again, but there is no record 
that he ever did. In fact, he himself 
omitted mention of his earlier success- 
ful experiments in the thesis that he 
submitted to the Faculté de Paris (2/). 
Other investigators, who tried to repeat 
Friedel’s work, such as Harroy (22), 
also met with failure. Herzog (/8), 
upon learning of Friedel’s first reported 
success, interrupted, on the advice of 
Biichner, his own experiments and _ pro- 
ceeded to use Friedel’s methods, only 
te obtain negative results. Herzog then 
returned to Biichner’s methods of ex- 
tracting leaf juice by high pressure, but 
again the results were negative (1/8). 

The only reports of successful repeti- 
tion of Friedel’s early experiments came 
from Macchiati (23). However, the 
nature of Macchiati’s evidence not only 
failed to convince others but also threw 
even more doubt on the original observ- 
ations of Friedel. Macchiati claimed 
that he had obtained the formation of 
formaldehyde corresponding to the evo- 
lution of oxygen. Moreover, unlike 
Friedel, he claimed that the green pow- 
der from leaves dried at 100°C, alone 
and unaided by the glycerol extract of 
fresh leaves, possessed photosynthetic 
activity. The enzyme that had been sup- 
plied in Friedel’s experiments by the 
glycerol extract was, Macchiati claimed, 
heat-resistant and contained in the leaf 
powder. But, as was properly asked by 
Bernard (2/), if leaves themselves lose 
their photosynthetic activity when dried 
at 100°C, how could the dry powder 
possess it? Bernard carefully reinvesti- 
gated the whole problem of photosyn- 
thesis by “dead” leaf preparations and 
reached the conclusion that photosyn- 
thesis outside the living organism had 
not been attained and that all the claims 
to the contrary were unfounded. 

Nevertheless, the unsuccessful quest 
for extracellular photosynthesis during 
this period did not end without a hope- 
ful note. In 1901 Beijerinck published a 
paper (24) the importance of which 
seems to have been appreciated by only 
a few of his contemporaries. He showed 
that luminous bacteria can be used suc- 
cessfully to study oxygen evolution dur- 
ing photosynthesis. Like Engelmann’s 
motile bacteria, Beijerinck’s luminous 
bacteria could be used to detect minute 


amounts of oxygen. Moreover, the lumi- 
nous bacteria had a great experimental 
advantage: the test for oxygen was 
luminescence visible to the naked eye. 
Instead of Engelmann’s microscopic 
technique, which drastically limited ex- 
perimental manipulation, Beijerinck’s 
method provided an extremely sensitive 
oxygen “reagent” in the form of a bac- 
terial suspension that could be mixed 
readily with photosynthetic tissues. In 
fact, because of its far greater sensitivity 
than the gas-analysis or bubble-counting 
method, it was an excellent technique to 
introduce into the then current debate 
on extracellular photosynthesis. 

Beijerinck used his new technique in 
photosynthesis to measure oxygen evo- 
lution, not of leaf powders, but of a 
green extract of fresh clover leaves. He 
found by this method that these cell- 
free extracts evelved oxygen on exposure 
to light. Interestingly enough, Beijer- 
inck’s philosophic predilections on ex- 
tracellular processes seem to have been 
more akin to those of Pasteur than to 
those of Biichner. Beijerinck interpreted 
his results to mean not that photosyn- 
thesis is basically separable from the 
integrity of a living cell but rather that 
“living” protoplasm is necessary for 
photosynthesis. He explained the ob- 
served oxygen evolution of his cell-free 
extracts by suggesting that they contain 
a water-soluble “portion” of the living 
protoplasm, the portion that is con- 
cerned with photosynthesis. 

What was then the distinction be- 
tween a living and a dead cell? Was a 
cell-free extract alive? It appears that 
desiccation was a criterion of great im- 
portance to the investigators of that 
period. This is particularly apparent in 
the work of Molisch (25), who em- 
barked on the investigation of extra- 
cellular photosynthesis in 1904 with a 
deep conviction that the problem was 
of fundamental importance. Molisch ap- 
preciated the importance of Beijerinck’s 
work and adopted his sensitive lumi- 
nous-bacteria technique. He confirmed 
Beijerinck’s results with leaves of sev- 
eral species and added a significant 
fact: when the green extracts of fresh 
leaves were filtered through a bacterial 
filter to remove all particles, including 
chloroplasts, the capacity for oxygen 
evolution was lost. Molisch then pro- 
ceeded to the heart of the matter: do 
“dead”—that is, dry—leaves retain a 
capacity for photochemical oxygen evo- 
lution? He found that, contrary to the 
claims of Friedel and Macchiati, leaves 
dried at 100°C were invariably inactive. 
With milder drying, however, in air or 
at 35°C, leaves of only one species, 
Lamium album, retained activity. Other 
plants, including those that gave active 
green extracts, lost, on drying, the ca- 
pacity to evolve oxygen in light. Mo- 
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lisch concluded from his study that the 
case for extracellular photosynthesis was 
not proved but that the exceptional re- 
sults with Lamium offered some hope 
for the future. 

Molisch returned 20 years later (26) 
to the still unresolved question whether 
“dry, dead leaves” retain the capacity 
for oxygen evolution in light. This time, 
in an extensive investigation, he was 
able to show, again with the sensitive 
lumainous-bacteria technique, that water 
suspensions of ground dry leaves of 
many species retained the capacity for 
oxygen evolution, provided that the 
drying was slow, at 30° to 35°C. Quick 
drying at 100°C, boiling the leaves in 
water, or treatment with ether, de- 
stroyed activity irreversibly. Leaves 
killed by freezing also retained activity. 
The capacity to evolve oxygen in light 
was limited to leaves containing chloro- 
phyll. Preparations from gently dried, 
etiolated leaves were inactive. On the 
basis of this newer evidence, Molisch 
concluded that photosynthesis, like fer- 
mentation, can proceed outside the liv- 
ing cell. He interpreted the destructive 
effect of drying at high temperatures 
as probably resulting from an inactiva- 
tion of essential enzymes. 


Modern Period 


The evidence for Molisch’s conclu- 
sions about extracellular photosynthesis, 
supported by the later observations of 
Inman (27), was not considered ade- 
quate by the majority of plant physi- 
ologists (2). There were no quantitative 
measurements of oxygen evolution; there 
was only a qualitative test by an excep- 
tionally sensitive method. There was no 
evidence for a simultaneous carbon 
dioxide fixation. This was merely in- 
ferred from the concept, which was 
dominant in theories of photosynthesis 
for more than a century, that the source 
of the evolved oxygen was the photo- 
decomposition of CO,. From this point 
of view, oxygen evolution was ipso facto 
a measure of CO, fixation. 

In the last 20 years this concept has 
been abandoned. The clear analysis of 
the process of photosyhthesis by van 
Niel (28) from the standpoint of com- 
parative biochemistry made it extremely 
plausible that the source of the photo- 
synthetic oxygen is the photodecom- 
position of water rather than of carbon 
dioxide. This view soon received ex- 
perimental support from the work of 
Hill, who denionstrated oxygen evolu- 
tion without CO, fixation, in light, by 
isolated chloroplasts. It also became 
evident that CO, fixation is not peculiar 
to photosynthetic tissues but occurs 
widely in nonphotosynthetic plant and 
animal cells of diverse character. Both 
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theories were firmly documented after 
the advent of isotopic tracer techniques. 
From the modern point of view, accept- 
able proof for complete extracellular 
photosynthesis would thus require evi- 
dence for both the evolution of oxygen 
and the simultaneous reduction of CO, 
to the level of carbohydrates. 

There was still another basic reason 
why the earlier claims for extracellular 
photosynthesis were found inadequate 
in the modern period. The old philo- 
sophic controversy about duplicating a 
complex biochemical sequence outside 
a living cell ceased to be a live issue. 
The spectacular advances of biochem- 
istry in elucidating the nature of fermen- 
tation and respiration by means of 
extracellular reactions (the important 
developments came about 40 years after 
Biichner’s historic experiment), the re- 
cent reconstruction of the principal 
events in the citric acid and fat oxida- 
tion cycles, and many other develop- 
ments left no doubt that, in principle, 
photosynthesis, like any other ¢ellular 
process, should be susceptible of study 
outside the cell. What was lacking, how- 
ever, was not a demonstration that a 
small residual photosynthetic activity 
remained in cell-free preparations but a 
quantitative biochemical technique for 
the separation of the photosynthetic 
process from other complex metabolic 
activities that occur simultaneously in 
an intact cell. 

Few contemporary physiologists or 
biochemists doubted that only by doing 
away with the complexity of a whole 
cell could the detailed mechanism of 
photosynthesis .be .studied and _inter- 
preted with confidence in physicochemi- 
cal terms. It is not surprising, therefore, 
that during the last 20 years the achieve- 
ment of extracellular photosynthesis has 
remained an important target of cellu- 
lar physiology and biochemistry. The 
objective was no longer philosophic; it 
was biochemical. The criteria for judg- 
ing advances in this area would be 
whether a particular cell-free system 
reproduces the complete process of pho- 
tosynthesis, and whether it lends itself 
to a systematic, quantitative study of 
the mechanism of the process. 

The recent approaches from this mod- 
ern, biochemical point of view toward 
extracellular photosynthesis can be di- 
vided into two main categories. One, 
following the first attempts of Engel- 
mann in 1881, centered on_ isolated 
chloroplasts; the other concerned itself 
with preparations of whole cells without 
regard to any special subceHular struc- 
ture. I deal with the latter first. My 
review is limited to those experiments 
in which oxygen evolution or CO, fixa- 
tion, or both, were measured. Extra- 
cellular photosynthetic reactions have 
also been investigated by ether tech- 


niques such as determining changes in 
redox potential and pH of whole-leaf 
macerates and chloroplast suspensions 
(29). 


Whole-Cell Preparations 


Fager (30) observed that cell-free 
macerates from spinach leaves fixed 
about twice as much radiocarbon in 
light as they did in dark. The increased 
fixation in light (6 x 10-* moles of CO, ) 
was estimated to be 0.1 to 0.2 percent of 
the corresponding photosynthetic activ- 
ity of intact cells. Later Fager fraction- 
ated the leaf macerate into a chloro- 
plast and a protein fraction, which 
contained the CO,-fixing enzyme (3/). 
The combined fractions fixed CO,, 
again in both light and dark; the in- 
crement resulting from _ illumination 
amounted to about 50 percent. 

In interpreting the relationship of 
his findings to the over-all process of 
photosynthesis, Fager attached the 
greatest significance to his identification 
of phosphoglycerate as the chief product 
of CO, fixation in light. But phospho- 
glycerate was also the predominant 
compound of dark fixation. Moreover, 
his chloroplast preparations were almost 
wholly inactive photochemically when 
they were tested with quinone as the 
oxidant. The addition of photochemi- 
cally active chloroplasts failed to in- 
crease CO, fixation in light. It is not 
clear how photosynthetic CO, fixation 
could be governed by photochemically 
inactive chloroplasts. 

Another approach to extracellular 
photosynthesis is found in the recent 
experiments of Tolbert and Zill (32). 
They extruded, with a minimum of 
manipulation, ‘the entire protoplasm 
(whole-cell contents less vacuolar sap) 
from a few large (1 to 2 in. long) cells 
of Chara and Nitella and measured 
CO, fixation in light and dark. Oxygen 
evolution was not determined. When 
illuminated, the extruded protoplasm 
fixed radioactive CO, into several com- 
pounds, including sucrose and hexose 
phosphates. 

The fixation was appreciable (12 to 
15 percent of that of whole cells) and 
left no doubt that whole protoplasm 
retains outside the cell walls the capac- 
ity to reduce CO, photosynthetically 
to the level of sugars. Photosynthesis, 
however, was not separated from other 
cellular processes. Thus in the dark, the 
extruded protoplasm fixed CO, into 
compounds that were characteristic of 
dark respiration. The extrusion tech- 
nique, although it dispenses with the 
structural integrity, seems to retain the 
biochemical complexity of a whole cell, 
without conferring any obvious advantage 
in isolation of enzyme systems peculiar 
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to photosynthesis. The material was ex- 
tremely sensitive to manipulation and 
could be used only for short-duration 
experiments. Whether the further im- 
provement of this technique will lead to 
the attainment of the biochemical ob- 
jectives of research in photosynthesis re- 
mains to be seen. 


Photolysis of Water by Chloroplasts 


The first fruitful step toward the 
realization of the modern biochemical 
objective of reconstructing photosyn- 
thetic events outside the living cell was 
taken by Hill in 1937 (33). In his 1937 
paper and subsequent papers (34, 35), 
Hill demonstrated that the evolution of 
oxygen by isolated chloroplasts under 
the influence of light—first observed by 
Engelmann in 1881—could be measured 
quantitatively by reliable biochemical 
techniques in accordance with the gen- 
eral equation: 


light 
A+H,O——— _ H.-A + 1/20, (1) 
chloroplasts 


in which A represents a hydrogen ac- 
ceptor other than CO,. When a suitable 
hydrogen acceptor was supplied, a 
stoichiometric amount of molecular oxy- 
gen was evolved. 

This reaction fell short of being com- 
plete photosynthesis because CO, could 
not serve as the hydrogen acceptor A. 
Hill concluded that chloroplasts contain 
“‘a mechanism, the activity of which can 
be measured apart from the living cell, 
which under illumination simultaneously 
evolves oxygen and reduces some un- 
known substance that is not carbon 
dioxide” (34). j 

The most useful hydrogen acceptors 
were substances usually considered for- 
eign to the metabolism of the cell. 
Among these, benzoquinone (36) and 
ferricyanide (37) have been found par- 
ticularly useful for what Hill designated 
as “the chloroplast reaction” (35), but 
others have appropriately called it the 
Hill reaction. 

Hill’s conclusion that isolated chloro- 
plasts, unaided by other enzyme systems, 
were incapable of reducing CO, was 
confirmed later with the sensitive C140, 
tracer technique by Brown and Franck 
(38) and by Aronoff in Calvin’s labo- 
ratory (39). Later experiments by 
Vishniac and Ochoa (40-42), Tolmach 
(43), and Arnon and Heimbiirger (44, 
45) have also substantiated this conclu- 
sion. It thus became a currently estab- 
lished concept that the Hill reaction is 
“photosynthesis with a substitute oxi- 
dant”—that is, photosynthesis without 
CO, fixation (35, 46). The chloroplast, 
in this view, was a “system much sim- 
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pler than that required for photosyn- 
thesis” and was the site of only “the 
light-absorbing and water-splitting re- 
actions of the over-all photosynthetic 
process” (47). 

Reports of CO, fixation by isolated 
chloroplasts came from the laboratory 
of Boichenko (48), but they lacked 
sufficient experimental details to permit 
a critical evaluation. The earlier work 
from that laboratory on photosynthetic 
CO, fixation by cell-free preparations 
and other Russian work was reviewed by 
Rabinowitch (46, 49). 


Pyridine Nucleotide Bridge 


The abandonment of the classical 
concept that chloroplasts are the sites 
of the complete process of photosyn- 
thesis intensified the search for a link 
between the photolysis of water, now 
shown to be localized in the chloro- 
plasts, and the CO, fixation reactions. 
A step forward was the finding that, 
under proper conditions, illuminated, 
isolated chloroplasts can reduce the 
well-known physiological electron car- 
riers triphosphopyridine _ nucleotide 
(TPN) and diphosphopyridine nucleo- 
tide (DPN) (40, 43, 44). This per- 
mitted the linking of the Hill reaction 
to many enzymatic reactions, including 
carboxylations, that are dependent on 
reduced pyridine nucleotides. Indeed, 
the expectation that any enzyme sys- 
tem that uses reduced tri- or diphos- 
phopyridine nucleotide can do_ so 
whether the reduced coenzymes are 
produced by respiration or by illumi- 
nated chloroplasts was amply docu- 
mented, particularly by the work of 
Vishniac and Ochoa (41). 

The energetically difficult reaction in 
carbohydrate formation during photo- 
synthesis is the reduction of a carboxy] 
to a carbonyl group (46). The reducing 
potential of pyridine nucleotides is in- 
sufficient to accomplish this step without 
a lowering of the potential barrier, as 
by phosphorylation of the carboxyl 
group by adenosine triphosphate (ATP) 
(50). A workable scheme for photosyn- 
thesis should therefore provide for the 
conversion of light into high-energy 
chemical bonds, for example, the pyro- 
phosphate bonds of ATP. There are two 
approaches to this problem. One en- 
visages photosynthesis as a_ special 
process involving a direct conversion 
of light into the chemical-bond energy 
of ATP or some other energy-rich ¢0m- 
pound by mechanisms peculiar to green 
cells. The other regards photosynthesis 
as a process that, except for the initial 
photochemical reactions localized in 
chloroplasts, is in essence a reversal of 
respiration (42, 5/7). In the latter view, 


both phosphorylation and carbohydrate 
formation during photosynthesis would 
proceed by the same mechanisms and 
with the aid of the same enzymes that 
govern cellular metabolism in the dark. 

Until now there has been scant experi- 
mental evidence for a sui generis photo- 
synthetic mechanism of phosphorylation. 
It is not surprising, therefore, that the 
mechanisms invoked to explain phos- 
phorylations in the light were modeled 
on those known to operate in nongreen 
cells. The high-energy pyrophosphate 
bonds of ATP are generated in non- 
green cells by esterification of inorganic 
phosphate coupled with oxidation of a 
variety of substrates. Two pathways are 
recognized in this process: (i) substrate 
phosphorylation, essentially independent 
of oxygen, exemplified by the oxidation 
of glyceraldehyde-3-phosphate to 1,3- 
diphosphoglycerate; and (ii) oxidative 
phosphorylation in which molecular 
oxygen is the ultimate electron acceptor. 
The former is characteristic of fermen- 
tations, whereas the latter typifies the 
principal aerobic pathway in _ respira- 
tion, which is linked with the tricar- 
boxylic acid cycle, and accounts for the 
conversion of 65 to 80 percent of the 
total energy content of the substrate 
into the pyrophosphate bonds of ATP 
(52). In aerobic phosphorylation, the 
electron transport chain is the same, 
regardless of the substrate that is being 
oxidized (52, 53). The substrate reduces 
DPN or TPN, and the reduced pyridine 
nucleotides (PN,,,) are reoxidized by 
flavoproteins, cytochromes, and molec- 
ular oxygen. This is represented by the 
following scheme (the arrows indicate 
the direction of the flow of electrons) : 


PN.ea ——— flavoproteins 


cytochromes — O, 


The enzymes responsible for aerobic 
phosphorylation are not distributed at 
random in the cell but are localized in 
mitochondria. The coupling of phos- 
phorylation with the oxidation of 
redueed pyridine nucleotides by molec- 
ular oxygen was demonstrated experi- 
mentally by Lehninger (54). The 
over-all reaction, in which he used 
mitochondria from animal sources, is 
represented by Eq. 2. (The analogous 
reaction with TPNH has not, as yet, 
been experimentally demonstrated. ) 


DPNH + H* + 1/20. + 3ADP + 3Pi 
mitochondria 
—> DPN*+H:O0+3ATP (2) 


where Pi represents inorganic phosphate. 

Since illuminated chloroplasts had 
already been found to be capable of 
reducing pyridine nucleotides coupled 
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with carboxylating enzymes, it was only 
a step further to attempt a linkage be- 
tween chloroplasts and the mitochondria 
in the Lehninger reaction. This was ac- 
complished by Vishniac and Ochoa 
(55), who have shown that in a chloro- 
plast-mitochondria system DPN, re- 
duced by the chloroplasts in light, can 
be reoxidized by molecular oxygen with 
the aid of enzymes contained in the 
mitochondria. Vishniac and Ochoa 
(55) concluded from their experiments 
with the chloroplast-mitochondria 
tem “that the generation of phosphate 
bonds in photosynthesis may occur 
through the oxidation by molecular oxy- 
gen of photochemically reduced nucleo- 
tides.” The role of chloroplasts was 
limited, in this view, to the photochemi- 
cal transfer of hydrogen from water to 
coenzymes, most probably DPN and 
TPN (42, 55). Once this was accom- 
plished, all other reactions in photosyn- 
thesis would proceed by the same 
mechanisms as were operative in non- 
photosynthesizing cells. 


Photosynthetic Phosphorylation 


It soon became evident that this new 
scheme of photosynthesis fell short of 
explaining certain aspects of the process 
in vivo. I can perhaps best illustrate 
this part of the story by following the 
sequence of experiments in our labo- 
ratory. When we started our work in 
photosynthesis about 6 years ago, we 
selected as our objective the reconstruc- 
tion of a complete extracellular photo- 
synthetic system using only enzyme 
components from green tissues. This 
limitation was self-imposed in the be- 
lief that it offered at least a partial 
safeguard against the construction of a 
model system which, although func- 
tional, did not mirror the photosyn- 
thetic events in the intact cell. 

We began by examining several con- 
flicting observations which at that time 
cast doubt on the identity of the oxygen- 
liberating mechanism in isolated chloro- 
plast fragments with the mechanism in 
intact green cells (56). Our results sup- 
ported the conclusion that the two were 
the same. Next, in attempting to link 
oxygen evolution by chloroplasts to CO, 
fixation, we found the TPN-dependent 
“malic enzyme” in the cytoplasmic 
fluid of the same leaves from which we 
isolated the chloroplasts (44, 45). This 
added plausibility to the view that pho- 
tosynthesis invdlves an interaction be- 
tween initial photochemical events, 
localized in chloropiasts, and subsequent 
dark reactions catalyzed by enzyme sys- 
tems outside the chloroplasts. However, 
we soon had to abandon this hypothesis 
because of discordant conclusions 
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reached from parallel experiments on 
the dark reactions of chloroplasts. 

We set out to measure the respiration 
of isolated chloroplast fragments in the 
dark. We observed an oxygen uptake 
and CO, evolution which we thought 
at first (57) to be endogenous respira- 
tion. Subsequent experiments, however, 
have shown that this gas exchange was 
an oxidative decarboxylation of oxalate 
(58) by an enzyme contained not in 
whole chloroplasts but in smaller, non- 
chloroplast particles that are associated 
with the “chloroplast fragments” frac- 
tion (59). The endogenous respiration 
of chloroplasts was found to be very 
low. Our results have also suggested that 
it was unlikely (59) that green leaves 
contained enough of other cytoplasmic 
particles, such as mitochondria, for the 
generation of ATP in photosynthesis, by 
the oxidative phosphorylation reaction 
(Eq. 2) of the chloroplast-mitochondria 
system (55). 

We then proceeded to reexamine the 
question of ATP synthesis by illumi- 
nated chloroplasts. Here we encountered 
a number of surprises. First, we learned 
that the method of isolating chloro- 
plasts was of far greater importance 
than we had suspected. Although we 
had used whole chloroplasts on occa- 
sion (59), we preferred to work, as a 
rule, with chloroplast fragments (56). 
Since both preparations were equally 
active photochemically (3), as meas- 
ured by the quinone reduction test, it 
was an obvious advantage from a bio- 
chemical point of view to use the struc- 
turally less complex chloroplast frag- 
ments. 

In light, isolated whole chloroplasts, 
unlike chloroplast fragments, vigorously 
synthesized ATP (4) from inorganic 
phosphate and adenosine mono- or di- 
phosphate (AMP or ADP) (Fig. 1). 
Whereas, without added mitochondria, 
the chloroplast-mitochondria system was 
inactive (55, 60), the addition to our 
chloroplast system of all the other cyto- 
plasmic particles from the leaf gave no 
increase in phosphorylation (4). ATP 
synthesis in light by whole chloroplasts 
(the chloroplast system) was not en- 
hanced by the addition of DPN or TPN 
(3, 4); in the chloroplast-mitochondria 
system the omission of the pyridine 
nucleotide halved the phosphorylation 
(55). 

Phosphorylation by the chloroplast 
system may thus be distinguished from 
that by the chloroplast-mitochondria 
system by its coenzyme requirements 
and its independence from external 
enzymes. The most unexpected finding, 
however, was that phosphorylation by 
whole chloroplasts was an anaerobic 
process (6). A salient feature of oxida- 
tive phosphorylation by mitochondria, 


which is the basis of aerobic respiration, 
is molecular oxygen consumption (52). 
“The strict dependence of phosphate 
exchange on the presence of oxygen” 
(55) was also observed by Vishniac and 
Ochoa in their model system of illumi- 
nated chloroplasts linked to mitochon- 
dria of plant or animal origin. 

In our early experiments on ATP syn- 
thesis by chloroplasts (3, 4), oxygen 
was neither consumed nor evolved. 
These observations led us to a tentative 
formulation of the over-all mechanism 
of phosphorylation by chloroplasts as 
involving a recombination of an oxidized 
and a reduced product of water pho- 
tolysis without the evolution of molec- 
ular oxygen (3, 4). There remained, 
however, the discordant observation that 
a sustained rate of phosphorylation was 
obtained only under aerobic conditions 
(3, 4). Further investigation then led 
to the identification of some of the 
cofactors of chloroplast phosphorylation 
(6). When these were added and con- 
ditions were so arranged that traces of 
oxygen originally present or possibly 
formed during the reaction were elimi- 
nated (shaking in a nitrogen atmosphere 
in the presence of chromous chloride), 
phosphorylation proceeded at rates sub- 
stantially greater than those observed 
aerobically (61). We have concluded, 
therefore, that ATP synthesis by chloro- 
plasts represents a direct anaerobic syn- 
thesis of pyrophosphate bonds at the 
expense of light energy by a mechanism 
peculiar to photosynthesis. We have 
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Fig. 1. Photosynthetic phosphorylation, 
the light-dependent esterification of inor- 
ganic phosphate by spinach chloroplasts 
under strictly anaerobic conditions (6). 
No evolution even of traces of molecular 
oxygen during the progress of the reaction 
was detected by the sensitive luminous 
bacteria method (24). 
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named this light-dependent ATP syn- 
thesis by chloroplasts photosynthetic 
phosphorylation to distinguish it from 
the oxidative phosphorylation by mito- 
chondria in the dark. The over-all re- 
actions in photosynthetic phosphoryla- 
tion are represented by Eqs. 3, 4, and 5. 


chicropl*s’s 
hv +H.O — 2[H}+[O} (3) 


chloroplasts 
AMP + 2Pi + 2[H] + [0] ————> 


H:O+ATP (4) 


Sum: 
chloroplasts 
hv + AMP + 2Pi 


ATP (5) 

The oxygen and hydrogen atoms in 
brackets represent an oxidized and a 
reduced product of the photodecompo- 
sition of water (not molecular oxygen or 
hydrogen). 

Equation 4 differs from the parallel 
Eq. 2 of oxidative phosphorylation as 
carried out by the chloroplast-mitochon- 
dria system in that DPN does not ap- 
pear as a hydrogen carrier and no mo- 
lecular oxygen is involved. Although 
certain individual steps in the electron 
transfer during photosynthetic phos- 
phorylation may be similar to those in 
oxidative phosphorylation, the two sys- 
tems seem to represent distinctive struc- 
tural and functional adaptations to two 
types of metabolism in green plants: (i) 
the chloroplast system for the direct con- 
version of light into chemical energy 
during photosynthesis, and (ii) the mito- 
chondrial system (62) for the intercon- 
versions of chemical energy during 
respiration. 

Some of our recent experiments (7) 
support the conclusion that photosyn- 
thetic phosphorylation is different from 
oxidative phosphorylation. Whole chlo- 
roplasts that carried out vigorous photo- 
synthetic phosphorylation were unable to 
oxidize tricarboxylic acid cycle sub- 


LIGHT 


STARCH 


Fig. 2. Scheme for photosynthesis by iso- 
lated chloroplasts. Photolysis of water 
(center) leading cither to ATP synthesis 
and the reconstitution of water (right) or 
to CO, reduction (below) linked to oxy- 
gen evolution (left). 
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strates either in light or in dark. On the 
other hand, smaller cytoplasmic particles 
(mitochondria?) that were isolated from 
the same leaves as the whole chloroplasts 
exhibited oxidative phosphorylation, but 
not photosynthetic phosphorylation, in a 
citrate medium. 

As is shown later, whole chloroplasts 
fix CO, in light. It became important, 
therefore, to determine whether photo- 
synthetic phosphorylation proceeded at 
the expense of energy released by the 
reoxidation of partly or wholly reduced 
products of photosynthetic CO, fixation 
(63). We have found that, under both 
aerobic (4) and anaerobic conditions 
(7), photosynthetic phosphorylation is 
independent of CO, fixation. Photosyn- 
thetic phosphorylation proceeded unim- 
paired when CO, was excluded from the 
reaction vessels. 


A 1-Quantum Process 


Since the energy content of 1 quantum 
of red light is about 44 kcal (per Ein- 
stein) and that of a pyrophosphate bond 
of ATP 12 kcal (52), it is evident that 
photosynthetic phosphorylation, to be 
highly efficient, must convert the energy 
of 1 quantum of light into the energy of 
two or more pyrophosphate bonds. This 
could be accomplished if the recombina- 
tion of the products of water photolysis, 
{H] and [O}, occurred not in one but in 
several successive steps, each step trans- 
forming a portion of the electron energy 
into phosphate bond energy, in a manner 
analogous to that envisaged for respira- 
tion by Lipmann (64). 

The reconstruction of an “electron lad- 
der” in photosynthetic phosphorylation 
depends on the identification of the par- 
ticipating cofactors. Among these the 
following have been identified so far: 
Mg**, flavin mononucleotide (FMN), 
vitamin K, and ascorbate (6). The Mg** 
probably has a catalytic function in the 
transfer of phosphate groups (65). The 
other cofactors can serve as electron 
carriers. THe qiiintities in which they 
are required indicate that these sub- 
stances act as catalysts and not as-sub- 
strates (6). The identity of the electron 
carriers above ascorbate is unknown, but 
they may very likely prove to be com- 
ponents of a cytochrome system (66). 

A tentative scheme for the “electron 
ladder” in photosynthetic phosphoryla- 
tion, based on evidence now available, 
is shown in Fig. 2. The relative posi- 
tions assigned to FMN and vitamin 
K are provisional; they are based 
solely on published values of redox po- 
tentials (67). It is possible that, in vivo, 
their positions are reversed, with vitamin 
K as the primary electron acceptor. Wes- 
sels (68) has recently postulated, on 
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Fig. 3. Time course of CO, fixation by iso- 
lated spinach chloroplasts in light and in 
dark. The lag in COs fixation during the 
first few minutes of illumination is attrib- 
uted to a time lag in equilibration after 
the release of C'Ox gas from the sidearm 
of the reaction vessel (5). 


theoretical grounds, such a role for vita- 
min K in photosynthesis. 

An interesting consequence of the pro- 
posed scheme for photosynthetic phos- 
phorylation (Fig. 2) is that with either 
FMN or vitamin K as the primary elec- 
tron acceptor, the photolysis of water 
could be accomplished by 1 quantum of 
red light (44 kcal). In this case, photo- 
synthetic phosphorylation would con- 
form to the Einstein law of photochemi- 
cal equivalence, which states that in a 
primary photochemical process each 
molecule is activated by the absorption 
of 1 quantum of radiation. 

Computations based on known redox 
potentials (67) suggest that, if photosyn- 
thetic phosphorylation is a 1-quantum 
process, either FMN or vitamin K rather 
than pyridine nucleotide is the primary 
electron acceptor. Assuming an oxidation 
level of [O] equal to that of molecular 
oxygen at 0.2 atm, enough energy would 
be available in 1 quantum of red light 
to maintain the ratio of FMN,,.,/FMN,, 
at approximately 5 at pH 7; the com- 
parable ratio for vitamin K, ,,g/vitamin 
K, ox would be approximately 1000. By 
contrast, the comparable ratio for 
DPN,.a/DPN, x would be approximately 
0.00001. 

The study of photosynthetic phos- 
phorylation seems to me to offer a new 
and promising approach to the problem 
of conversion of light energy into chemi- 
cal energy during photosynthesis. 


Carbon Dioxide Fixation 


Isolated whole chloroplasts were 
found, on exposure to light, to fix CO, 
Fig. 3) with a simultaneous evolution 
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Table 1. Carbon dioxide fixation and 
oxygen production by isolated chloroplasts 
(5). 


fixed produced 


Eapt. (uM) (uM) 
979 1.0 1.5 
1010 0.81 0.83 
1011 0.38 0.50 
1050 1.04 1.0 


of oxygen (5). The reaction was strictly 
light-dependent and proceeded at an al- 
most constant rate for at least 1 hr (Fig. 
3). There was approximate correspond- 
ence between the oxygen evolved and the 
CO, fixed, in agreement with the well- 
known photosynthetic quotient of 1 
(Table 1). Both soluble and insoluble 
products resulted from the fixation of 
radiocarbon by chloroplasts. The insolu- 
ble product has been identified as starch, 
which appeared to be the only insoluble 
compound formed (5). The identifica- 
tion of the soluble products of CO, fixa- 
tion is not complete. A typical autoradio- 
gram of the compounds found in the 
soluble fraction is shown in Fig. 4. 
Among the compounds so far identified 
are (i) phosphate esters of fructose, glu- 
cose, ribulose, and dihydroxyacetone; 
(ii) glycolic, malic, and aspartic acids; 
(iii) alanine, glycine, and free dihy- 
droxyacetone (5). 

The light-dependent reduction of CO, 
to the level of carbohydrates with a 
simultaneous evolution of oxygen sug- 
gests that whole chloroplasts possess all 
the enzymes needed for complete photo- 
synthesis. 


Specialized Photosynthetic Unit 


In the light of our present evidence, 
chloroplasts emerge as remarkably com- 
plete cytoplasmic structures, which con- 
tain multienzyme systems divided into 
three main groups, each controlling an 
increasingly complex. phase of photo- 
synthesis: photolysis of water, photosyn- 
thetic phosphorylation, and CO, fixa- 
tion. The suggested interrelationships 
among the three are shéwn in Fig. 2. 

In vivo, photolysis is linked either with 
phosphorylation, resulting in the produc- 
tion of ATP and the reconstitution of 
water, or with CO, fixation, resulting 
in the evolution of oxygen and the re- 
duction of CO,. Carbon: dioxide re- 
duction required the partieipation of all 
three groups of enzymes, and phosphory- 
lation required two, whereas photolysis 
of water can proceed without the others, 
provided that an artificial hydrogen ac- 
ceptor is supplied. The last process is, of 
course, the Hill reaction, which has al- 
ready been discussed. 


1 JULY 1955 


The experimental separation of the 
three phases of photosynthesis is readily 
accomplished with isolated chloroplasts, 
either by variations in preparative tech- 
nique or with the use of inhibitors. In 
our early experiments (3), we reported 
that the intact structure of whole chloro- 
plasts was essential for both photosyn- 
thetic phosphorylation and CO, fixation. 
This is no longer true for photosynthetic 
phosphorylation (7). Chloroplasts can 
now be prepared that retain a capacity 
for photolysis alone, or for beth photoly- 
sis and phosphorylation, or for all three 
reactions. This interpretation requires, 
as is experimentally verified, that chloro- 
plasts capable of carrying out a subse- 
quent phase of the process should also 
be able to carry out the one that pre- 
cedes it (3). 

In parallel experiments (3, 7) starting 
with chloroplasts capable of accomplish- 
ing complete photosynthesis, it was pos- 
sible to inhibit a more advanced phase 
of the process without affecting the 
simpler one that precedes it. Thus iodo- 
acetamide (3) inhibited CO, fixation 
but not photosynthetic phosphorylation 
or the Hill reaction. Methylene blue 
(10-°M) inhibited both CO, fixation 
and photosynthetic phosphorylation but 
not the Hill reaction (7). On the other 
hand, as would be expected, o-phenan- 
throline, which inhibits the photolysis 
reaction (36, 56), also inhibited photo- 
synthetic phosphorylation and CO, fixa- 
tion. 

There is good reason to believe that 
the separation of the chloroplast as the 
“photosynthetic unit” will prove to be a 
fruitful approach to the study of the 


Fig. 4. Typical autoradiograph of the soluble products of CO: fixation by isolated chloro- 


detailed mechanism of photosynthesis. 
I do not suggest that we are ready yet 
to equate without reservation photosyn- 
thesis by isolated chloroplasts with pho- 
tosynthesis in intact cells. It seems best 
now to explore the characteristics of 
extracellular photosynthesis as a sepa- 
rate process and to test later their valid- 
ity for photosynthesis in whole cells. The 
most interesting properties of extracel- 
lular photosynthesis found so far are (i) 
total independence of photosynthesis 
from respiration or from any other proc- 
ess that requires the consumption of 
molecular oxygen and (ii) direct con- 
version of light energy into phosphate 
bond energy by an anaerobic process. 
Among the unsolved problems of extra- 
cellular photosynthesis that are now 
under consideration are the nature of 
the reductant in CO, fixation, the path 
of carbon in the formation of sugars and 
starch, the identity of other cofactors, 
and the quantum efficiency in photo- 
synthetic phosphorylation. 

It is sometimes suggested that extra- 
cellular photosynthesis by isolated chlo- 
roplasts represents merely a transfer of 
the process from the familiar environ- 
ment of the cell to the unfamiliar en- 
vironment of the test tube with a loss of 
most of its activity. This argument, if it 
is not to be taken as sterile neovitalism, 
could also be applied to respiration. 
Half a century after Biichner’s memo- 
rable experiments (/7) it is still impossi- 
ble to prevent the loss of 80 to 90 per- 
cent of respiration on disrupting yeast 
cells (52). Yet the impressive advances 
in the understanding of the mechanism 
of respiration made during this period 
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plasts. Further details are given elsewhere (5). 
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would have been impossible without dis- 
pensing with the complexity of the whole 
cell. A more optimistic philosophy for 
present-day approaches to the recon- 
struction of metabolic sequences outside 
the cell is aptly expressed by Green 
(69): “The disintegration of the cell is 
usually attended by the liberation of 
many destructive enzymes which de- 
grade coenzymes and interfere with or 
nullify the action of those enzymes whose 
activity is essential for the metabolic 
sequence. Thus, even a residual trace of 
activity is encouraging because there are 
many ways and means eventually of 
muzzling the destructive agents and of 
restoring cofactors which are not present 
at the levels for maximal activity... . 
Once an in vitro system can be found in 
which a metabolic sequence can be 
shown to proceed, at least one can be 
certain that all components needed are 
present in that system, and by the step- 
wise simplification and analysis of the 
system, it is only a question of time, pa- 
tience, and ingenuity before the entire 
process is, fully reconstructed.” 


References and Notes 

1. Paper was first presented at the symposium, 
The Cell, 29 Dec. 1954, Berkeley, Calif. This 
research was aided by grants from the Na- 
tional Institutes of Health and the Office of 
Naval Research. 

2. E. I. Rabinowitch, Photosynthesis (Intersci- 
ence, New York, 1945), vol. 1. 

3. D. I. Arnon, M, B. Allen, F. R. Whatley, 
Proc. 8th Intern. Botan. Congr. Paris (1954), 
sect. 11, p. 1; Nature 174, 394 (1954). 

4. D. I. Arnon, F. R. Whatley, M. B. Allen, 

J. Am. Chem. Soc. 76, 6324 (1954). 

. M.B. Allen et al., ibid., in press. 

F. R. Whatley, M. B. Allen, D. L. Arnon, 

Biochem, et Biophys. Acta 16, 605 (1955); 

D. I. Arnon, F. R. Whatley, M. B. Allen, 

ibid. 16, 607 (1955). 

7. D. I Arnon, M. B. Allen, F. R, Whatley, 
unpublished data. 

8. J. Sachs, Handbuch der Experimental-Physi- 
ologie der Pflanzen (Engelmann, Leipzig, 
1865), p. 319. 

9. T. de Saussure, Recherches chimiques sur la 
vegetation (Nyon, Paris, 1804). 

10. J. Sachs, Lectures on the physiology of plants 
(Clarendon, Oxford, 1887), p. 299. 


au 


il. 


. J. Friedel, Compt. rend. acad. sci. 


T. W. Engelmann, Botan. Zeitung 39, 446 
(1881) 


q ae Pfliigers Arch. ges. Physiol. 57, 374 


(1894). 


. G. F. J. Haberlandt, Funktion und Lage des 


Zellkernes (Fischer, Jena, 1887), p. 118. 


. A. J. Ewart, J. Linnaean Soc. London, Bot- 


any 31, 364 (1896). 


. W. Pfeffer, The Physiology of Plants (Clar- 


endon, Oxford 1900), vol. 1, pp. 304, 306. 
L. Pasteur, Mem. soc. sci. agr. arts, Lille, 5, 


13 (1857). 


. E. Biichner, Ber. deut. chem. Ges. 30, 117, 


1110 (1897). 


. R. O. Herzog, Z. physiol. Chem. 35, 459 


(1902). 

(Paris) 
132, 1132 (1901). 

, ibid. 133, 840 (1901). 


. C. Bernard, Botan. Centr. Beith. A16, 36 


(1904) . 

M. Harroy, Compt. rend. acad. sci. (Paris) 
133, 890 (1901). 

L. Macchiati, ibid. 135, 1125 (1902). 


. M. W. Beijerinck, Koninkl. Akad. Weten- 


schap. Amsterdam 4, 45 (190%). 


. H. Molisch, Botan. Zeitung 62, 1 (1904). 


, Z. Botan. 17, 578 (1925). 


. O. L. Inman, Cold Spring Harbor Symposia 


Quant. Biol. 3, 184 (1935). 
C. B. van Niel, Arch. Mikrobiol. 3, 1 (1931). 
F. C. Gerretsen, Nature 171, 207 (1953). 


. E, W. Fager, Arch. Biochem. and Biophys. 


37, 5 (952).. 
, ibid. 41, 383 (1952). 


N. E. Talbert and L. P. Zill, J. Gen. Physiol. 


$7, 575 (1954). 


. R. Hill, Nature 139, 881 (1937). 


, Proc. Roy. Soc. London B127, 192 
(1939) . 

. Symposia Soc. Exptl. Biol. 5, 223 
(1951); Advances in Enzymol. 12, 1 (1951). 


. O. Warburg and W. Liittgens, Biokhimya 11, 


303 (1946). 


. A. S. Holt and C. S. French, Arch. Biochem. 


9, 25 (1946). 


. A. H. Brown and J. Franck, ibid. 16, 55 


(1948) . 


39. S. Aronoff, cited by A. A. Benson and M. 


Calvin, Ann. Rev. Plant Physiob. 1, 25 (1950). 
W. Vishniac and S. Ochoa, Nature 167, 768 
(1951). 


.—, J. Biol. Chem. ¥95, 75 (1952). 
2. S. Ochoa and W. Vishniac, Science 115, 297 


(1952); Phosphorus Metabolism Il, W. D. 
McElroy and B. Glass, Eds. (Johns Hopkins 
Univ. Press, Baltimore, 1952). 

L. J. Tolmach, Nature 167, 946, (1951); Arch. 
Biochem. and Biophys. 33, 120 (1951). 

D. I. Arnon, Nature 167, 1008 (1951). 

D. I. Arnon and G. Heimbiirger, Plant Phys- 


27, 828 (1952). 


. E. Rabinowitch, Ann. Rev. Plant Physiol. 3, 


229 (1952). 


. R. Lumry, J. D. Spikes, HM. Byring, ibid. 5, 


271 (1954). 


48 


49. 


51. 


. F. Lipmann, 


. H. A. Krebs 


A. P. Vinogradov, E. A. Boichenko, V. I. 
Baranov, Doklady Akad. Nauk. S.S.S.R. 78, 
327 (1951); Chem. Abstr. 45, 10310 (1951); 
E. A. Boichenko and V. I. Baranov, Doklady 
Akad. Nauk. S.S.8S.R. 91, 339 (1953); Chem. 
Abstr. 47, 11360 (1953) ; Doklady Akad. Nauk. 
S.S.S.R. 95, 1025 (1954); Chem. Abstr. 48, 
8881 (1954). 

E. I. Rabinowitch, Photosynthesis and Related 
Processes (Interscience, New York, 1951), vol. 
2, pt. 1, p. 873. 

Advances in Enzymol. 1, 99 
(1941). 

K. V. Thimann, Science 88, 506 (1938); S. 
Ochoa, in Currents in Biochemical Research, 
D. E. Green, Ed. (Interscience, New York, 
1946), p. 165; M. Calvin and P. Massini, 
Experientia 8, 445 (1952). 

, in Chemical Pathways of Me- 
tabolism, D. M. Greenberg, Ed. (Academic 
Press, New York, 1954), vol. 1, p. 109. 


. E. G. Ball, in Symposium on Respiratory 


Enzymes (Univ. of Wisconsin Press, Madison, 
1942), p. 16. 


. A. L. Lehninger, J. Biol. Chem. 190, 345 
(1951). 
55. W. Vishniac and S. Ochoa, ibid. 198, 501 


61. 


62. 


. In a recent 


(1952). 


. D. I. Arnon and F. R. Whatley, Arch. Bio- 


chem. 23, 141 (1949). 


. D. 1. Arnon, Am. J. Botany 47, 675 (1950) ; 


Proc. 7th Intern. Botan. Congr. Stockholm 
(1950), p. 749. 


. B. J. Finkle and D. I. Arnon, Physiol. Plan- 


tarum 7, 614 (1954). 

D. I. Arnon and F. R. Whatley, ibid. 7, 602 
(1954). 

personal communication, W. 
Vishniac has reported that in later experi- 
ments with whole chloroplasts he also ob- 
served esterification of inorganic phosphate 
that took place without the addition of mito- 
chondria. 
A. Frenkel, 
(1954). 

A. Millerd et al., Proc. Natl. Acad. Sci. 
(U.S.) 37, 855 (1951). 


J. Am, Chem. Soc. 76, 5568 


. J. Franck, Arch. Biochem. and Biophys. 45, 


190 (1953). 


. F. Lipmann, in Currents in Biochemical Re- 


search, D. E. Green, Ed. (Interscience, New 
York, 1946), p. 145. 


. W. D. McElroy and A. Nason, Ann. Rev. 


Plant Physiol. 5, 1 (1954). 

H. E. Davenport and R. Hill, Proc. Roy. Soc. 
London B139, 137 (1952); MH. Lundegardh, 
Physiol. Plantarum 7, 375. (1954); L. N. M. 
Duysens, Nature 173, 692 (1954). 


. L. Anderson and G. W. E. Plaut, in Respira- 


tory Enzymes, H. A. Lardy, Fa. 
Minneapolis, 1949). 
J. S. C. Wessels, 
(1954). 


(Burgess, 


Rec. chim. 73, 529 


trav. 


. D. E. Green, in Chemical Pathways of Me- 


tabolism, D. M. Greenberg, Ed. 
Press, New York, 1954), vol. 1. 


(Academic 


I cannot express the amazed awe, the crushed humility, with which I sometimes 
watch a locomotive take its breath at a railway station, and think what work there is 
in its bars and wheels, and what manner of men they must be who dig brown iron-slone 
out of the ground and forge it into that. What assemblage of accurate and mighty 
faculties in them, more than fleshly power over melting crag and coiling fire, fettered 
and finessed at last into the precision of watchmaking; Titanian hammer-strokes beating 


out those glittering cylinders and timely respondent valves, and fine ribbed rods, which 
touch each other as a serpent writhes in noiseless gliding and omnipotence ef grasp, 
an infinite complex anatomy of active steel. What would the men who beat this out, 
who touched it with its polished calm of power, who set it to its appointed task and 
triumphantly saw it fulfill the task to the utmost of their will, feel or think about this 
weak hand of mine timidly leading a little stain of water color which I cannot manage 


into. the imperfect shadow of something else . . . 


what, I repeat, would these iron- 


dominant genti think of me, and what ought I to think of them?—Joun Ruskin. 
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Early History of the 


Scintillation Counter 


One of the most impressive events in 
modern physics is the development of the 
scintillation counter. At first a very sim- 
ple device, this instrument has become 
one of the most powerful tools in all 
fields in which ionizing radiations are en- 
countered. Considering its still-growing 
importance, it appears justified and de- 
sirable to sketch in a brief essay the early 
history of the instrument. 

The modern scintillation counter has 
its origin in the classical scintillation 
method that was used so extensively in 
the early years of radiation research by 
the English School under Rutherford 
(1), and by the Vienna School under 
Meyer, Schweidler, and others (2). This 
method, in which the scintillations were 
observed subjectively with a microscope, 
led to important discoveries. The last ‘of 
these great discoveries was the first man- 
made disintegration of an element with 
artificially accelerated particles, the dis- 
integration of lithium with accelerated 
protons by Cockcroft and Walton (3) in 
1932. 

At about this time the Geiger-Mueller 
counter had definitely proved to be one 
of the most advantageous instruments for 
nuclear research, and its outstanding 
ability to detect and count objectively 
thousands of elementary nuclear events 
per unit of time made it the instrument 
of choice for future nuclear research. 
Therefore the subjective, tiresome, and 
difficult scintillation method was shelved 
and was demonstrated merely from time 
to time to students and/or in lectures as 
an interesting historical device. 

The first attempt to bring. the scintil- 
lation method back into nuclear research 
in an improved form was made in 1940- 
41, At this time a device was developed 
in which, instead of the eye, a highly 
sensitive, fast-responding, photoelectric 
device was used for the detection and 
counting of scintillations. 

A second attempt to introduce an im- 
proved scintillation method in nuclear 
research was started in the war year 1944. 
It was followed by a stormy renaissance 
of the principle after World War II in 
the years 1947-50. 


The author is on the staff of the Army Medical 
Research Laboratory, Fort Knox, Kentucky. 
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Today, two highly developed types of 
scintillation counters are available: the 
photon-tube scintillation counter and the 
photomultiplier scintillation counter. 
Both types have advantages and disad- 
vantages, and both methods have been 
applied with great success in different 
fields. 

Photon-tube counters. Photon tube 
counters are a combination of the classi- 
cal scintillation arrangement with a 
photosensitive Geiger tube of special de- 
sign. The device developed by Krebs (4) 
in 1940-41 is shown in Fig. 1. It consists 
of an arrangement in which the scintil- 
lation phosphor and the photoelectric de- 
tector are separate units. 

The choice of photon tubes as scintil- 
lation indicators was dictated by the 
needs of the time (5). Photon tubes could 
easily be self-built and they could be 
“bred” to a high sensitivity—according 
to published data up to 12 quanta/cm? 
sec, equivalent to 9.1 x 10-"! ergs/cm* 
sec of light with the wavelength, 4, of 
2600 A (6). 

The first self-built photon tubes were 
relatively insensitive and the geometry 
of the arrangement was poor, but the first 
measurements showed that the principle 
would work. Soon, by taking advantage 
of earlier experience in building special 
G-M tubes (7), tubes with higher sensi- 
tivities could be built and the geometry 
could be improved so that the efficiency 
was increased considerably (8). With 
the first simple equipment, the scintilla- 
tions produced by polonium alpha par- 
ticles in zinc sulfide could be recorded, 
and the diffusion of radon and thoron 
in closed volumes could be measured 
quantitatively. 

The rediscovery of the photon-tube 
principle by Mandeville and coworkers 
(9) in 1950 stimulated further improve- 
ments and resulted in an increased sensi- 
tivity'of photon-tube scintillation coun- 
ters. By bringing the scintillation phos- 
phor into close contact with the walls of 
the photon tube (Fig. 2), Mandeville et 
al. could apply the counter successfully 
for the detection of alpha, beta, and 
gamma radiation. Special sensitization 
of the photon tubes (/0) and the devel- 
opment of special counter types and am- 
plifier circuits brought the instruments 


to a still higher degree’ of perfection 
(11). At present, commercially manu- 
factured scintillation tubes are available 
that show, according to measurements 
by Daggs, Parr, and Krebs (/2), a high 
area sensitivity and short resolving times. 

Photomultiplier-tube counters. The 
first scintillation counter of this kind, in 
which the classical method is combined 
with a photomultiplier for the detection 
of the scintillations, was built in 1944 by 
Curran and Baker (13, 14) and is shown 
in Fig. 3. 

The original report of Curran and 
Baker showed theoretically, as well as 
experimentally, that with proper ar- 
rangement of the parts, individual alpha 
particles with energies of 2 x 10° ev could 
easily be detected. Using zinc sulfide 
crystals as a scintillation screen, a pho- 
tomultiplier tube type 1P21, and proper 
circuit elements, they calculated that an 
alpha particle with the afore-mentioned 
energy should produce in the oscilloscope 
an average pulse amplitude of 4.75 ev. 
The de facto pulse amplitude measured 
was 6 ev, a value in close agreement with 
the figures calculated from rough data. 
The great advantages of the instrument 
with regard to sensitivity, resolving time, 
and ease of handling were emphasized in 
the first report of Curran and Baker 
(13). 

As in the case of the photon-tube scin- 
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Fig. 1. Scintillation arrangement, Krebs, 
1941. 
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Fig. 3. Scintillation counter, Curran and 
Baker, 1944. (Top) Geometric arrange- 
ment; (bottom) diagrammatic represen- 
tation. 
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Fig. 4. Scintillation detector, Coltman 
and Marshall, 1947. Photocathode, 0; 
dynodes, 1 to 9; anode, 10. 


Fig. 5. Scintillation arrangement, Broser 
and Kallman, 1947. Alpha radiation, S; 
phosphor, P; photomultiplier, P.M. 


tillation counter, the war years prevented 
a natural development of the photomul- 
tiplier scintillation counter and it was 
not until 1947-48 that the advantages 
of the instrument were generally recog- 
nized. At this time several new publica- 
tions appeared, the timely sequence of 
which may be of interest in discussing 
the early history of the scintillation coun- 
ter. 
Marshall, Coltman, and coworkers, 
who in March 1947 submitted for publi- 
cation a report on “The photomultiplier 
x-ray detector” (15), demonstrated on 
22 May 1947, at the Mid-American Ex- 
position Atomic Energy Show, a high- 
speed “atomic ray detector” (16). On 
17 June 1947, they also presented papers 
on “The photomultiplier radiation de- 
tector” at the Montreal meeting of the 
American Physical Society (17). In these 
papers, later published in detail, they re- 
ported the detection and counting of 
single alpha particles, beta particles, 
gamma quanta, high-energy electrons, 
protons, soft x-rays, and neutrons (/8). 
Marshall and Coltman also stated that 
at least three major improvements of 
the detector (Fig. 4) could be expected: 
better scintillators varying with regard 
to type, thickness, and reflective backing 
in accordance with the specific radiation 
involved; improved optical systems; and 
the development of auxiliary circuits 
adapted to the special needs of scintilla- 
tion counting. 


Broser and Kallmann (1/9) submitted 
a paper for publication on 2 May 1947 
that described the detection and record- 
ing of alpha-particle scintillations in 
zinc sulfide with the aid of a photomul- 
tiplier tube. They used a Weiss-type pho- 
tomultiplier in connection with an oscil- 
loscope (Fig. 5). The average pulse 
height produced by the applied alpha 
particles was equivalent to several hun- 
dredths of a volt, and the pulse time was 
estimated to be somewhat shorter than 
10-5 sec. 

At the time of the reading of the gal- 
ley proof, Broser and Kallmann added a 
short footnote saying that individual elec- 
trons and gamma quanta could also be 
recorded with the aid of different scin- 
tillators. The detailed report on these 
studies with ZnS, CaWO,, Zn,SO,, 
naphthalene, and a few other substances 
was submitted for publication on 27 
June 1947 (20). The years after 1947 
brought decisive publications: a short 
note by Deutsch (2/) and review articles 
by Bell (22), Hofstadter (23), Morton 
and Mitchell (24), Jordan and Bell 
(25), Mayneord (26), Pringle (27), 
and others. These studies stimulated and 
inaugurated the extensive development 
that followed. Soon it became generally 
recognized that the scintillation counter 
was “. .. one of the most important ad- 
vances in devices for the detection of 
nuclear radiations since the invention of 
the Geiger-Mueller counter in 1926...” 
(24), which “. . . heralded a new era of 
scientific development and research . . .” 
(27). This area of development and re- 
search includes many fields: nuclear 
physics, cosmic-ray research, medical 
physics, biophysics, radiobiology, car- 
bon-14 dating, and others. 

The ultimate value and importance of 
the instrument for development and 
progress in the different fields can only 
be guessed at present. For the field of 
nuclear physics, Birks (28) has already 
stated that “. . . the history of the instru- 
ment since 1949 is largely a history of 
experimental nuclear research. .. .” A 
similar formulation appears to be justi- 
fied in the other fields where the scin- 
tillation counter has brought valuable 
insights and knowledge to problems con- 
cerning the energy-transport and energy- 
migration mechanisms in irradiated phys- 
ical, chemical, and biological systems and 
to problems of the radioactivity of the 
human being and carbon-14 dating. 
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They that know the entire course of the development of science will, as a matter of 
course, judge more freely and more correctly of the significance of any present scientific 
movement than they, who limited in their views to the age in which their own lives 
have been spent, contemplate merely the momentary trend that the course of intel- 
lectual events takes at the present moment.—Ernst Macu in Science of Mechanics. 
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Tocopherol as an Activator of 


Cytochrome C Reductase 


Alvin Nason and I. R. Lehman 


Since its discovery more than 30 years 
ago as a fat-soluble factor necessary for 
reproduction in the rat, vitamin E(a-, B-, 
y-, and 6-tocopherols) has been asso- 
ciated with a wide variety of biological 
processes. A number of recent reviews 
(1-3) have summarized the current 
status of our knowledge of the vitamin. 
Its chemical nature and synthesis have 
been established, and its wide distribution 
among plants and animals is well recog- 
nized. Detailed studies have been made 
of the effects of vitamin-E deficiency in 
various animals as well as of the effects 
of its addition in vivo and in vitro to 
various tissues and cell-free systems. 
Nevertheless, its primary mechanism of 
action in the living organism is still un- 
known. In addition to its role as an anti- 
sterility factor for the laboratory rat, 
vitamin E has also been shown to be 
necessary for the structural and func- 
tional maintenance of skeletal muscle, 
cardiac muscle, smooth muscle, and the 
peripheral vascular system in a number 
of animals. The muscular dystrophy and 
morphological alterations in various tis- 
sues associated with vitamin-E deficiency 
are accompanied by an increased oxygen 
consumption of the dystrophic muscle 
and by alterations in chemical composi- 
tion and functional behavior. Many of 
these effects have been attributed to the 
action of tocopherol as an intracellular 
antioxidant, namely, its protective action 
in inhibiting the oxidation of unsaturated 
fats and other oxygen-sensitive sub- 
stances, such as vitamins A and C, dur- 
ing storage. It is generally believed, how- 
ever, that the nonspecific action of to- 
copherol as a physiological antioxidant 
represents a secondary role; and that the 
vitamin acts primarily and specifically 
through some enzyme system. 

The role of tocopherol as an inhibitor 
of cytochrome c reduction in the metab- 
olism of skeletal muscle has been postu- 
lated by Houchin (4), who reported an 
increased rate of succinic acid oxidation 
by hamster dystrophic muscle (4, 5). 
Basinski and Hummel (6) found, how- 
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ever, that under comparable conditions 
the succinic dehydrogenase system is ap- 
parently unaffected. Although general 
disturbances in phosphorylation mecha- 
nisms have been noted in dystrophic 
muscle, including depression of the crea- 
tine level (5, 7) and the diminution of 
adenosine triphosphatase (8), no de- 
crease has been observed in oxidative 
phosphorylation in preparations of heart 
tissues of dystrophic rabbits (9). A de- 
crease has been reported in the choline 
esterase content of tissues deficient in 
vitamin E (10, 11). 

The action of tocopherol and its de- 
rivatives, especially the esters, on isolated 
enzyme systems has received some atten- 
tion. p-«. Tocopheryl. phosphate has been 
especially used for this purpose because 
of its greater solubility in water and its 
implied involvement in energy transfor- 
mations by virtue of its phosphate group. 
However, it has been shown that the 
phosphate ester, when it is added in 
vitro, markedly inhibits practically every 
enzyme on which it has been tested. The 
inhibition of the succinic oxidase system 
by D-a-tocopheryl phosphate apparently 
consists of both a specific action (/2) 
and a nonspecific secondary mechanism 
involving calcium removal (13). The 
latter effect inhibits diphosphopyridine 
nucleotidase, with the result that the for- 
mation of appreciable oxaloacetate (in 
the DPN-malate system) occurs. (The 
abbreviation DPN is used to represent 
diphosphopyridine nucleotide.) This in 
turn inhibits succinate oxidation (/4). 
Some of the other enzymes reported to 
be inhibited by a-tocopheryl phosphate 
are trypsin (15), liver acid phosphatase 
(16), hyaluronidase (17), liver esterase 
(11), and lipoxidase (18). Rabinovitz 
and Boyer (/9) concluded that the ob- 
served effects of a-tocopheryl phosphate 
on enzyme systems are the result of its 
properties as an anion with a large non- 
polar group and that its effects are not 
necessarily related to its action as a 
vitamin. 

The hypothesis that tocopherol may 
possibly be acting as a carrier in biologi- 
cal oxidation-reduction reactions receives 
support from chemical studies that dem- 


onstrate reversible oxidation products of 
the vitamin (20, 21). Boyer (21) iso- 
lated and tentatively characterized an 
intermediate, biologically active, reversi- 
ble oxidation product of p-a-tocopherol 
prepared by ferric chloride oxidation in 
the presence of 2,2’-bipyridine. The 
product, designated as p-a-tocopherox- 
ide, is readily reduced to p-a-tocopherol 
by ascorbic acid or converted irreversibly 
to D-a-tocopheryl quinone upon exposure 
to dilute acid. The latter can be reduced 
to the corresponding hydroquinone. The 
tocopherol free radical of Michaelis and 
Wollman (20) is probably an intermedi- 
ate in the reversible transformation be- 
tween tocopherol and tocopheroxide. 

In the work reported in this article 
(22), the possibility suggested itself that 
if tocopherol is involved in biological 
oxidation-reductions, it might conceivably 
act as a carrier in the oxidation of re- 
duced pyridine nucleotides. In our ex- 
periments, it has been possible to demon- 
strate with purified particulate or solu- 
bilized preparations from rat skeletal 
muscle that tocopherol can specifically 
function as an activator in the enzymatic 
reduction of cytochrome c¢ by reduced 
diphosphopyridine nucleotide (DPNH). 
The reduction of cytochrome ¢ by suc- 
cinate in the presence of a particulate 
preparation from the same source has 
also been shown to have a tocopherol 
requirement. 

Preparation of the enzyme and its 
stimulation by tocopherol. In prelimi- 
nary studies using a 15- to 25-fold puri- 
fied particulate fraction from rat skeletal 
muscle, it has been possible to show a 
marked enhancing effect of p-a-tocoph- 
eroi on the rate of DPNH oxidation in 
air. Fresh muscle was homogenized with 
phosphate buffer (pH 7.5) in a Ten 
Broeck tissue grinder. The supernatant 
solution resulting from centrifugation at 
2000 g was dialyzed for 1 to 3 hr and 
recentrifuged to remove a heavy gelatin- 
ous protein precipitate. Approximately 
90 percent of the activity of this ~:)er- 
natant solution was then collected by 
centrifugation for 30 min at 140,000 g; 
the pellet was suspended in phosphate 
buffer to yield the final preparation. The 
addition to this system of p-a-tocopherol 
or its tocopheroxide as an ethanol-albu- 
min or ethanol-y-globulin suspension 
(23) stimulated the rate of DPNH oxi- 
dation as much as six-fold over a control 
without tocopherol. The tocopherol ef- 
fect could be doubled by the addition of 
cytochrome c. This fact, as well as the 
presence of cytochrome ¢ reductase and 
cytochrome c oxidase in the system, 
shows that these components are on the 
main pathway of electron transport be- 
tween DPNH and oxygen in the enzyme 
preparation. That tocopherol acts at 
some point between DPNH and cyto- 
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chrome c was shown by the fact that it 
stimulated cytochrome ¢ reductase ac- 
tivity but not cytochrome c oxidase ac- 
tivity. 

Tsooctane extraction of the enzyme. 
To demonstrate the tocopherol enhance- 
ment effect with each new enzyme prep- 
aration it was necessary to store the 
enzyme fraction at —15°C for 2 to 10 
days with occasional testing. The assump- 
tion that the enzyme system is accom- 
panied by a tocopherol-like component 
that partially dissociates under the afore- 
mentioned conditions prompted an at- 
tempt to remove the presumed “tocoph- 
erol cofactor” by extraction with various 
nonpolar solvents. Figure 1 shows the 
effect on DPN-cytochrome ¢ reductase 
activity of extracting the enzyme by 
shaking with isooctane (2,2,4-trimethyl- 
pentane). This was by far the most effec- 
tive of some 25 organic solvents tested. 
Three to five extractions of the particu- 
late enzyme fraction with isooctane re- 
sulted in about a 75-percent decrease in 
cytochrome c reductase activity. The 
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Fig. 1. Effect of isooctane extraction and 
subsequent reactivation by tocopherol on 
DPN-cytochrome ¢ reductase activity in 
a particulate fraction from rat skeletal 
muscle. The reaction mixture contained 
0.05 ml of enzyme (185 pg of protein), 
0.10 ml of 1-percent aqueous cytochrome 
c, 0.3 ml of 10°M KCN, 0.1 ml of DPNH 
(6.1 wmole/ml) and 10°M phosphate 
buffer (pH 7.5) to give a final volume of 
3.0 ml; 0.03 ml of 15-percent ethanol-2- 
percent bovine serum albumin, or 0.03 ml 
of p-a-tocopherol (about 4/pmole/ml) in 
a 15-percent ethanol-2-percent bovine 
serum albumin suspension was added to 
indicated reaction mixtures to give a final 
volume of 3.0 ml. Control, O——O; 
Ethanol-albumin added, A——-A; p-a 
tocopherol added @ @. Each isooc- 
tane extraction was performed by shaking 
the enzyme with an equal volume of cold 
isooctane (2,2,4-trimethylpentane) for 1 
min. The isooctane layer was then dis- 
carded. 
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latter could then be completely restored 
by addition of p-a-tocopherol. Further 
extractions resulted in a progressive loss 
of activity that could be only partially 
reversed by subsequent addition of the 
vitamin. The oxidation of DPNH ex- 
hibited essentially the same behavior as 
is shown in Table 1; whereas cytochrome 
c oxidase (24) showed a progressive loss 
of activity that could not be restored by 
subsequent addition of tocopherol. The 
succinate-cytochrome c reductase system 
from the same source also showed a simi- 
lar striking tocopherol requirement after 
isooctane treatment. Experiments that 
involved combining the unextracted and 
isooctane-extracted enzymes ruled out 
the presence of an inhibitor in the latter. 

Treatment of the particulate system 
with an aqueous digitonin solution, fol- 
lowed by centrifugation at 140,000 g for 
30 min, resulted in a clear supernatant 
solution containing more than 50 percent 
of the DPN-cytochrome c reductase. 
This activity could then be decreased to 
as little as 10 percent by a single iso- 
octane extraction step and then com- 
pletely restored by the addition of p-a-to- 
copherol. 

Specificity of tocopherol stimulation. 
Figure 2 summarizes the effects of dif- 
ferent concentrations of the various to- 
copherols and derivatives, as well as 
other fat-soluble compounds, in restoring 
the activity of isooctane-extracted DPN- 
cytuchrome c reductase (25). Although 
the tocopherols and p-a-tocopheroxide 
showed some differences in their affini- 
ties and saturation levels for the enzyme, 
they were all quite effective. On the 
other hand the succinate, acetate, and 
polyethylene glycol 1000 succinate esters 
showed little or no effect, as is typified 
by the data for the disodium salt of 
p-a-tocopheryl phosphate (Fig. 2). The 
vitamin-E nucleus (2,2,5,7,8-penta- 
methyl, 6-hydroxychroman), vitamin D,, 
lipoic acid, menadione, cystine, oleic 
acid, and cholesterol (in final concentra- 
tions ranging from 10- to 105M) 
showed little or no activity, as is typified 
by the vitamin K, results (Fig. 2). The 
antioxidants nordihydroguaiaretic acid, 
santoflex B, propylparasept, dibutyl 
p-cresol, diphenyl #-phenylene diamine, 
and santoquin (25) were completely in- 
active at final concentrations ranging 
from 10-* to 10-°°M. The latter two 
compounds have been reported to be 
effective substitutes for vitamin E in 
protecting against dietary necrotic liver 
degeneration (26). These results em- 
phasize the specific requirement for 
the tocopherols by cytochrome c re- 
ductase. The comparable activities 
of tocopherylquinone (Fig. 2) and its 
hydroquinone are of interest, especially 
in view of their biopotency in the rabbit 
but not in the rat (2). The failure of 


Table 1. Effect of isooctane extraction 
(enzyme extracted with isooctane as de- 
scribed in Fig. 1) on DPNH oxidase ac- 
tivity in a particulate fraction from rat 
skeletal muscle and subsequent reactiva- 
tion by addition of tocopherol. The con- 
trol reaction mixture contained 0.05 ml 
of one-fifth-diluted enzyme (43 ug of pro- 
tein), 0.05 ml of 2-percent aqueous cyto- 
chrome c, 0.10 ml DPNH (1.15 wmole/ 
ml), and 10°M tris(hydroxymethyl) 
aminomethane buffer (pH 7.9) to give a 
final volume of 1.0 ml. The albumin mix- 
ture contained 0.03 ml of 15-percent 
ethanol-2-percent bovine serum albumin 
suspension added to reaction mixtures in- 
dicated to give a final volume of 1 ml. 
The tocopherol mixture contained 0.03 
ml p-a-tocopherol (1.1 umole/ml) in a 
15-percent ethanol-2-percent bovine serum 
albumin suspension added to reaction mix- 
tures indicated to give a final volume of 
1.0 ml. 


DPNH oxidase activity 


No. (— per 4 min 
of 
extrac- Albu- p-a-To- 
Con- 
tions trol min copherol 
added added 
0 121 153 232 
1 169 158 239 
2 95 73 250 
3 49 Ad 236 
4 42 37 199 
5 41 36 175 
6 18 31 158 


the tocopheryl esters to act is perhaps 
indicative of the need for the free hy- 
droxyl or carbonyl group in the 6-posi- 
tion for activity. The activities of the 
different tocopherols in the cytochrome 
c reductase system show no correlation 
with their biological potencies as re- 
ported in the literature (/-3). 

In the absence of added tocopherol, 
complete restoration of enzyme activity 
has been obtained by adding to the ex- 
tracted cytochrome c reductase the resi- 
due remaining after vacuum distillation 
of the isooctane extract of boiled en- 
zyme. Preliminary examination of such 
active isooctane-extraction residues has 
failed to reveal, in almost all cases, 
the presence of any free tocophercl as 
measured by a _ paper-chromatography 
procedure (27) with a demonstrated 
ability to detect 5 ug. Furthermore, 
spectrophotometric examination of the 
residue before and after treatment with 
ascorbic acid, the latter to reduce 
any possible tocopheroxide present (2/), 
failed to show the absorption in the re- 
gion of 297 mp that is characteristic of 
tocopherol. These results are suggestive 
of the existence of a lipid cofactor re- 
placeable specifically by tocopherol. 
However, the possibility still exists that 
vitamin E is unrelated to such a co- 
factor. 
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Antimycin inhibition and indophenol 
reduction. The striking inhibition of the 
solubilized, unextracted cytochrome c re- 
ductase by antimycin A (Fig. 3) is sug- 
gestive of a factor between DPN and 
cytochrome c heretofore not reported 
for a soluble system. At concentrations of 
antimycin A causing 40 to 70 percent 
inhibition, partial reversal of the inhibi- 
tory effect was obtained by adding p-a- 
tocopherol but not by adding solutions 
of crystalline bovine serum albumin or 
human serum y-globulin, both of which 
have served as vehicles for the a-tocoph- 
erol. At higher concentrations of anti- 
mycin A, no reversal by tocopherol was 
attained. Further experiments showed a 
competitive inhibition of antimycin A 
with tocopherol in the cytochrome ¢ re- 
ductase system as demonstrated by a 
Lineweaver-Burk plot (28). When 2,6- 
dichloroindophenol was used as the elec- 
tron acceptor in place of added cyto- 
chrome c, there was no inhibition by 
aniimycin A (0.001 to 0.2 pg/ml of re- 
action mixture) of dye reduction. Ex- 
traction with isooctane caused no change, 
as compared with the unextracted en- 
zyme, in the rate of dye reduction with 
or without added p-a-tocopherol; 
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Fig. 2. Effect of the tocopherols and other 
fat-soluble compounds in reactivating a 
soluble preparation of isooctane-extracted 
DPN-cytochrome c¢ reductase from rat 
skeletal muscle. The reaction mixture con- 
tained 0.05 ml of enzyme (66 pg of pro- 
tein), 0.10 ml of 2-percent aqueous cyto- 
chrome c, 0.3 ml of 10°M KCN, 0.1 ml of 
DPNH (1.15 umole/m)), the indicated 
fat-soluble compounds suspended in 15- 
percent ethanol-2-percent bovine serum 
albumin, and 10°M tris-(hydroxymethy]) - 
aminomethane buffer (pH 7.9) to give a 
final volume of 3.0 ml. The disodium salt 
of p-a-tocopheryl phosphate and vitamin 
K, were added as aqueous and alcohol 
solutions, respectively. D-a-Tocopherol, 
O; p-y-tocopherol, O; 
tocopherol, A 4;  pt-a-tocopherol, 
@; pv-a-tocopheroxide, A A; 
p-a-tocopheryl quinone, v-a- 
tocopheryl phosphate, disodium salt, 
@; vitamin Ka, x. The en- 
zyme was extracted once with isooctane, 
as is described in Fig. 1. 
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whereas the rate of cytochrome ¢ reduc- 
tion was more than 50 percent lower if 
tocopherol was not added. 

In view of these results it appears that 
in the stepwise reduction of cytochrome 
c by DPNH, mediated by the enzyme 
system from rat skeletal muscle, vitamin 
E, perhaps in a conjugated form, is in- 
volved as an activator or cofactor ac- 
cording to the following scheme: 


DPNH—> 
? antimycin A 
flavin(?)—> [tocopherol ] > cytochrome 
2,6-dichloroindophenol 


Whether tocopherol (or an unknown 
lipid cofactor) serves in some indirect 
fashion or undergoes alternate oxidation 
and reduction during the course of elec- 
tron transport—possibly to the free radi- 
cal (20) or to the tocopheroxide (2/)— 
has not been established. Thus far it has 
not been possible to show either that p-a- 
tocopherol will serve as an electron donor 
in place of DPNH for cytochrome ¢ re- 
duction, or that p-a-tocopheroxide will 
serve as an electron acceptor for DPNH- 
oxidation in this system. A function of 
tocopherol or a lipid cofactor in this sys- 
tem in coupling phosphorylation with 
electron transport between DPNH or 
succinate and cytochrome ¢ may not be 
unlikely. 

By use of the isooctane extraction pro- 
cedure, it has been possible to demon- 
strate a D-a-tocopherol stimulation of cy- 
tochrome c reductases in rat liver, yeast, 
neurospora, soybean leaves, hamster 
skeletal muscle, and beef heart frac- 
tions. On the contrary, purified solu- 
ble beef heart DPN-cytochrome c reduc- 
tase (29), kindly provided by H. R. 
Mahler, did not show any tocopherol 
effect by the extraction method; nor did 
purified pig liver TPN-cytochrome c re- 
ductase (30), kindly furnished by B. L. 
Horecker, respond to the same proce- 
dure. A marked enhancement of both 
succinate- and DPN-cytochrome c re- 
ductase by tocopherol in ammonium sul- 
fate fractions of human pectoral muscle 
after isooctane treatment has also been 
demonstrated; this constitutes tentative 
evidence for a functional requirement of 
tocopherol in man. 

Mattill (2) has very aptly stated that 
“the search for some unifying principle 
or correlating ideas as to the manner of 
action [of vitamin E] has not been re- 
warding.” Whether the presently indi- 
cated function of the tocopherols, per- 
haps in a conjugated form, represents its 
primary role remains to be proved. The 
relationship between a possible natural 
lipid cofactor and the tocopherols, their 
possible implication in oxidative phos- 
phorylation, and the behavior of the 
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Fig. 3. Antimycin-A inhibition of soluble 
DPN-cytochrome c¢ reductase from rat 
skeletal muscle and its partial reversal by 
tocopherol. The control reaction mixture 
contained 0.1 ml of digitonin-solubilized 
enzyme (120 pg of protein), 0.04 ml of 2- 
percent aqueous cytochrome c, 0.1 ml of 
10°M KCN, 0.04 ml of DPNH (1.15 
pmole/ml), and 10°M  tris(hydroxy- 
methyl)aminomethane buffer (pH 7.9) 
to give a final volume of 1.0 ml. As indi- 
cated, 0.02 ml of absolute ethanol contain- 
ing various concentrations of antimycin 


A were added at zero time; control, 
Oo——oO; 0.001 ug, antimycin A, 
A——A; 0.002 wg antimycin A, 
A A and O——O; .004 ug anti- 


mycin A, @———®@. Three minutes after 
the reactions had been started the follow- 
ing additions were made as indicated: 0.02 
ml p-a-tocopherol (4.3 pmole/ml) in a 
15-percent ethanol-2-percent human y- 
globulin suspension; 15-percent ethanol- 
2-percent human y-globulin; 15-percent 
ethanol-2-percent bovine serum albumin. 


cytochrome c reductase of dystrophic 
muscle in both human and vitamin-E- 
deficient organisms are now under inves- 
tigation. 
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A. P. Colburn, Humanitarian 


and Chemical Engineer 


In the death of Allan Philip Colburn 
on 6 February 1955, chemical engineer- 
ing lost one of its most distinguished men 
and science, a great humanitarian. In an 
age of narrow specialization, Colburn 
stood out for his breadth and depth of 
interests and for a remarkable combina- 
tion of the best of science and culture. 
He was conversant with literature, phil- 
osophy, and economics, and he devoted 
some of his little leisure to painting. He 
found time for an active part in the 
Delaware chapter of the American Red 
Cross, the Delaware branch of the Amer- 
ican Cancer Society, his church, and 
other community activities. When I saw 
him shortly before his death, he was dis- 
cussing plans for assisting in a program 
to improve the quality of teaching in the 
Delaware schools. Seldom has one man 
encompassed so much so well. 

Allan P. Colburn was born in Madi- 
son, Wisconsin, on 8 June 1904, the son 
of Willis Paul Colburn, high-school prin- 
cipal, and Jane Grimm Colburn. After 2 
years at Marquette University, he trans- 
ferred to the University of Wisconsin 
where he was awarded a B.S. degree in 
1926, an M.S. degree in 1927, and a 
Ph.D. degree in chemical engineering in 
1929. His thesis, “Studies in heat trans- 
mission,” was published by the Wiscon- 
sin Engineering Experiment Station in 
1930 and stands as a classic in this field 
and a major stimulus to the work in heat 
transmission and mass transfer that has 
followed. The achievement was the more 
remarkable because he had only foreign 
literature to guide him and had to con- 


struct most of his own equipment. From 
this auspicious beginning, he went on to 
make significant contributions and pub- 
lished a long list of technical papers on 
heat transfer, fluid flow, distillation, ab- 
sorption and extracting, and other sub- 
jects. 

During the years 1929-38 at the ex- 
perimental station of the E. I. duPont 
de Nemours and Company in Wilming- 
ton, Colburn not only matured in his sci- 
ence but also fought a long battle with 
tuberculosis, which left him with only one 
functioning lung and a deepened sense 
of social responsibility and personal 
idealism. While he was at Saranac Lake 
he won the first Walker award for out- 
standing publications in chemical engi- 
neering and in 1948 was the first recipi- 
ent of the Professional Progress award 
of the American Institute of Chemical 
Engineers. In 1951 he was selected to 
deliver the principal address in London, 
England, at a symposium on heat trans- 
mission held jointly by American and 
European engineering societies. He was 
honored with a Civilian Service award 
in 1954 and posthumously with a certifi- 
cate of achievement for his services as 
chairman of the U.S. Army Chemical 
Corps Advisory Council. 

His public service during World War 
II was substantial and, typically, went 
far beyond a wise use of his limited 
physical resources. Important war re- 
search was carried on by the department 
of chemical engineering at the University 
of Delaware, a department that he or- 
ganized and headed. He served on the 
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National Defense Research Committee, 
on the National Advisory Committee 
for Aeronautics, at the Office of Rubber 
Reserve, and as a consultant to strategic 
war industries. With B. F. Dodge of Yale 
University, he prepared the curriculum 
on chemical engineering for the AST 
program that was taught throughout the 
war. 

His keen sense of responsibility to his 
profession and to science as a whole was 
reflected in his positions in a wide range 
of professional societies. His honorary 
societies included Phi Kappa Phi, Phi 
Lambda Upsilon, Tau Beta Pi, and 
Sigma Xi. 

In his capacities as assistant to the 
president, acting president, and provost 
of the University of Delaware, Colburn 
demonstrated his appreciation of the 
importance of developing research in the 
social sciences and of the broadening in- 
fluences of educational programs for stu- 
dents which fostered the understanding 
of human relations and international 
problems. 

President John A. Perkins of the Uni- 
versity of Delaware has expressed well 
what all of Allan Colburn’s friends and 
associates would want to say of him: 
“The most wonderful quality about him 
was his ability to inspire others with his 
own infectious enthusiasm. The breadth 
of his interest grew not only out of his 
active intellect but also out of his deep 
human sympathy. When he heard of 
other people’s problems and concerns, 
they immediately became his own, and 
his active mind was driven to learn more 
about them. This quality made him a 
great teacher as well as an outstanding 
scientist. His creative talents, balanced 
by his vast store of scientific information, 
enabled him to make significant contri- 
butions to engineering education and 
higher education generally.” 

Joun A. BEHNKE 
American Association for the 
Advancement of Science, 
Washington, D.C. 
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News of Science 


New AAAS Advertising Manager 


Earl J. Scherago, former Chicago dis- 
trict advertising manager for Analytical 
Chemistry, has been appointed advertis- 
ing representative for the two AAAS 
journals, Science and The Scientific 
Monthly, effective 1 July. Scherago, a 
Cornell University chemistry major, 
whose graduate studies were divided be- 
tween bacteriology and electron micros- 
copy, previously served for 5 years as 
technical representative for the Aloe Sci- 
entific Co., distributors and manufac- 
turers of laboratory instruments. The As- 
sociation has estabiished an advertising 
office at 11 W. 42 St., New York 36, 
which will be under Scherago’s direction. 


Petition to the President 


Four physicians have announced that 
a petition urging fundamental changes 
in the Federal security program has been 
presented to President Eisenhower. It is 
signed by more than 1500 leading medi- 
cal men. Paul Klemperer, professor of 
pathology at Columbia University Col- 
lege of Physicians and Surgeons, Ed- 
wards A. Park, emeritus professor of 
pediatrics at Johns Hopkins University 
Medical School, Bela Schick, emeritus 
professor of pediatrics at Columbia Uni- 
versity College of Physicians and Sur- 
geons, and John F. Fulton, professor of 
the history of medicine at the Yale Uni- 
versity School of Medicine released the 
text of the petition on 12 June. At that 
time they stated: 

“The petitioners, who include some of 
the most eminent figures in American 
academic and research medicine, protest 
the harmful effects of the Program in 
discouraging ‘the participation of highly 
qualified physicians in research projects 
and programs vital to the health of the 
nation.’ ” 

The petition cites the case of John 
Punnett Peters [Science 121, 838 (24 
June) }. It does not deal with specific 
aspects of the Peters case, but the peti- 
tioners strongly. uphold the principles 
stated in Peters’ appeal to the court. The 
four physicians who released the state- 
ment said that since the court did not 
deal with the constitutional matters con- 
tained in the brief, it becomes all the 
more important that the President make 
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the fundamental and necessary modifi- 
cations in the security program so that 
the nation’s health will in no way be 
jeopardized by arbitrary and restrictive 
procedures. The petition reads in part: 

“As citizens, we are deeply troubled 
by these departures from traditional 
American methods of adjudication, 
which are rightly regarded as essential 
elements of our democratic heritage. As 
physicians, we are more particularly con- 
cerned by the discernibly harmful im- 
pact of such proceedings upon our spe- 
cial field of work... . 

“We therefore urge you, Mr. Presi- 
dent, to give serious consideration to this 
petition which we hope may be instru- 
mental in initiating needed changes, to 
the end that a security program may be 
devised which while fully protecting the 
security of our nation, more adequately 
safeguards the interests of individuals— 
who, after all, compose the nation.” 

The petition was- initiated by 53 
prominent physicians, and it was subse- 
quently signed by medical men in 38 
states, the District of Columbia, Hawaii, 
and Alaska. Although the document was 
submitted to the President some weeks 
ago, the signers withheld public an- 
nouncement of their action until the 
Supreme Court had ruled on the related 
matter in the case of Peters. This delay 
in public release was motivated by a de- 
sire not to prejudice a pending judicial 
matter. 

The initiating sponsors of the petition 
are Murray H. Bass, Mount Sinai Hos- 
pital, New York; Allan M. Butler, Har- 
vard; Willian B. Castle, Harvard; Ben- 
jamin Castleman, Harvard; Stanley 
Cobb, Harvard; Katherine Dodd, Uni- 
versity of Arkansas; J. Russell Elkinton, 
University of Pennsylvania; John F. Ful- 
ton, Yale; James L. Gamble, Harvard; 
Alfred Gellhorn, New York; Harry 
Greene, Yale; Charles M. Grossman, 
Portland; Emile Holman, Stanford; 
Charles A. Janeway, Boston; Paul 
Klemperer, Columbia; Louis Leiter, 
New York; Leo Mayer, New York; J. 
Howard Means, Boston; Max Michael, 
Jr., State University of New York; Carl 
V. Moore, Washington University; Hugh 
Morgan, Vanderbilt; Edwards A. Park, 
Johns Hopkins; Ephraim Shorr, New 
York; William C. Stadie, University of 
Pennsylvania; Eugene A. Stead, Jr., 
Duke; Joseph Stokes, Jr., University of 


Pennsylvania; Somers H. Sturgis, Boston; 
Alfred H. Washburn, University of Colo- 
rado; Paul D. White, Boston; W. Barry 
Wood, Jr., Washington University; I. 
Ogden Woodruff, New York; S. Bernard 
Wortis, New York; Edward Young, 
Boston. 

Russell L. Cecil, Cornell; David 
Crocker, Western Reserve; Dana L. 
Farnsworth, Harvard; James M. Faulk- 
ner, Boston University; Jacob Fine, Bos- 
ton; Harry Goldblatt, Cleveland; Louis 
S. Goodman, University of Utah; Harry 
H. Gordon, Johns Hopkins; Chester M. 
Jones, Harvard; Samuel A. Levine, Bos- 
ton; H. Houston Merritt, Columbia; 
Richard M. Peters, University of North 
Carolina; Grover F. Powers, Yale; Law- 
rence J. Roose, New York; Bela Schick, 
New York; Benjamin Segal, New York; 
Milton J. E. Senn, Yale; Kenneth Sterl- 
ing, Syracuse; Jay Tepperman, Syracuse; 
Maurice B. Visscher, University of Min- 
nesota. 


Scopes Anniversary 


Thirty years ago this summer world 
attention was focused on Dayton, Tenn., 
where a young science teacher, John T. 
Scopes, was on trial for teaching evolu- 
tion, a crime under the laws of the state. 
William Jennings Bryan, three times the 
Democratic candidate for President 
and a fundamentalist believer in the 
Bible, served as chief counsel for the 
prosecution. Chief counsel for the de- 
fense was the agnostic, Clarence Dar- 
row, then the nation’s greatest criminal 
lawyer. Assisting Darrow was Arthur 
Garfield Hays, the eminent attorney for 
the American Civil Liberties Union who 
died last year. 

Early in 1925 the ACLU announced 
that it wanted to test the Tennessee anti- 
evolution statute, and it was a Tennessee 
friend of the union, George Rappleyea, 
who persuaded Scopes to press his case. 
The $10,000 needed to finance the de- 
fense was raised chiefly through an ap- 
peal to members of the AAAS. 

Scopes was convicted and fined $100, 
but the Tennessee antievolution law, 
which is still on the statutes, has been 
dead ever since. Darrow may have lost 
his case, but he won a victory that has a 
permanent place in history. 

A successful play about the Scopes 
trial, Inherit the Wind, opened recently 
in New York. In his review, Walter Kerr 
of the New York Herald Tribune said: 
“The intellectual positions are there, ‘the 
right to think’ versus the right of the State 
to make laws prohibiting discussion. . . . 
The outcome of the battle . . . is known; 
if the battle itself, in other forms, con- 
tinues to be fought in 1955, there is still 
no suspense about the nature or validity 
of the point... .” 
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Climatic Thermal Adaptation 


In a paper devoted to the evolution of 
climatic adaptation in homeotherms, 
[Evolution 9, 15 (Mar. 1955)], P. F. 
Scholander points out that heat dissipa- 
tion is the only main avenue for climatic 
thermal adaptation in birds and mam- 
mals. The “critical temperature,” the 
lowest air temperature at which a bird or 
mammal can rest at a basal heat produc- 
tion, is a fundamental measure of over- 
all climatic thermal adaptation. The 
lower critical temperatures found in arc- 
tic species result chiefly from the heavy 
body insulation of fur or feathers, to- 
gether with marked tolerance of low 
tissue temperatures in poorly insulated 
peripheral parts, such as legs, tail, and 
face, in which vascular control governs 
heat dissipation. 

Scholander questions the validity of 
regarding the minor and erratic subspe- 
cific trends expressed in Bergmann’s and 
Allen’s rules as reflecting phylogenetic 
pathways of heat conservation. Behind 
both of these rules is the idea that in 
going to colder environments the total 
surface area of animals, relative to 
weight, should decrease, bringing about 
a decrease in heat loss. Scholander points 
out, however, that cold climates do not 
produce large, globular species with 
small protruding parts. Apparently, then, 
surface area as such has not been a factor 
of general morphogenic importance in 
the evolution of races found in hot or 
cold climates; and this would seem to 
apply to man as well as to other homeo- 
therms.—W.L.S., Jr. 


Quick Morphine Detection 


Development of a rapid and simple 
method of detecting morphine in body 
fluids and tissues has been reported by 
a group of pharmacologists at the Uni- 
versity of California Medical Center in 
San Francisco. The method will prove 
useful in the diagnosis of morphine poi- 
soning and in the detection of the pres- 
ence of the drug in suspected addicts 
and in attempted suicides, and it may 
become a useful tool of pathologists do- 
ing post mortems. The method is already 
being used in several California diagnos- 
tic laboratories. 

In the past no simple method has been 
available because of the difficulty of 
separating morphine from biological ma- 
terials. Although various new scientific 
techniques, such as counter current dis- 
tribution, paper chromatography, and 
electrophoresis, are useful in separating 
morphine, such methods require very 
special laboratory equipment and are 
often time-consuming. 

The medical center group has devel- 
oped a single extraction process, using 
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routine chemical equipment, which per- 
mits determination of morphine in urine 
in less than 90 min. ,This is the fastest 
method so far developed. The drug can 
be detected in quantities as small as 
1/100,000 g. 

The research was carried out by James 
M. Fujimoto, teaching assistant in phar- 
macology and toxicology, Charles H. 
Hine, and E. Leong Way, associate pro- 
fessor of pharmacology and toxicology. 


"The Department of Agriculture and 
the Department of State have announced 
that 12 representatives of American agri- 
culture will comprise a delegation sched- 
uled to visit the U.S.S.R. between 15 
July and 15 Aug. Since the visit to the 
Soviet Union will be unofficial, no pro- 
vision will be made for payment of travel 
expenses from U.S. Government funds. 
The delegation will be broadly repre- 
sentative of American agriculture, and 
its members will be persons who are 
recognized in farming. and in agricul- 
tural reseaich and extension. It is under- 
stood that the itinerary will include vari- 
ous rural areas of the Soviet Union and 
agricultural research and educational in- 
stitutions. 

Several hundred persons have ex- 
pressed interest in making the trip. The 
national farm organizations, Iowa State 
College, and other land-grant colleges 
have been invited to make preliminary 
nominations. Final selections will be 
made by a nonofficial public group to be 
designated. 

The visit to the U.S.S.R. is of a re- 
ciprocal nature. The Soviet Union is 
sending to the United States an agricul- 
tural delegation of similar size during 
the approximate period 10 July to 10 
Aug. A considerable amount of time will 
be spent in Iowa, in accordance with 
the expressed Soviet interest in corn-hog 
production. 


® Jacob Bjerknes and Yale Mintz of the 
meteorology department of the Univer- 
sity of California at Los Angeles have 
completed a 6-year study that may make 
it possible to forecast weather for a whole 
hemisphere. The project was sponsored 
by the U.S. Air Force’s Geophysical 
Directorate. 


"= Representatives of the governments of 
Switzerland and the United States have 
initialed a 5-year agreement for coopera- 
tion in connection with the purchase by 
Switzerland of the research reactor that 
is to be a central feature of the official 
U.S. exhibit at the United Nations’ In- 
ternational Conference on Peaceful Uses 
of Atomic Energy at Geneva, 8-20 Aug. 
Under the provisions of the U.S. Atomic 
Energy Act of 1954, certain procedural 
steps must be taken by the executive and 
legislative branches of the U.S. Govern- 


ment before the initialed agreement may 
be signed and entered into force. 

The price of the reactor, building, as- 
sociated machinery, and exhibits is to be 
$180,000. The United States will lease 
to Switzerland sufficient enriched ura- 
nium for initial and replacement fuel 
for the reactor. The quantity of uranium 
under such lease shall not contain more 
than 6 kg of U?*® (maximum enrich- 
ment, 20 percent), plus such additional 
quantity as the AEC may deem necessary 
to permit the efficient and continuous 
operation of the reactor while replaced 
fuel elements are radioactively cooling 
in Switzerland or while fuel elements are 
in transit. 


™Plans for six more nuclear reactors 
were announced in the British House of 
Commons on 13 June. These are in addi- 
tion to the 12 commercial atom stations 
scheduled in the 10-year program au- 
thorized in February [Science 121, 324 
(4 Mar. 1955)]. The commercial sta- 
tions are being built for the Central Elec- 
tricity Authority. The six new reactors 
are for the British Atomic Energy Au- 
thority. 

They are to be dual-purpose plants. 
Their production of fissile material will 
greatly strengthen Britain’s military po- 
tential; they will also produce electricity 
for the national grid system. The new 
atom plants are expected to make “a 
useful contribution” to Britain’s fuel sup- 
plies within the next 5 years. 

The first two of the CEA’s commercial 
atom stations are also scheduled to be in 
operation by 1961. According to the 
original plan, nuclear power would be 
providing one-quarter of Britain’s re- 
quirements for new electricity generat- 
ing capacity by 1965. This now appears 
to be an underestimate. 


@On 22 June the HMTS Monarch 
weighed anchor and proceeded north- 
eastward from Newfoundland. The Brit- 
ish ship’s mission is the laying of the first 
transoceanic telephone cable—spanning 
the Atlantic between Newfoundland and 
Scotland. The project is a joint under- 
taking of the American Telephone & 
Telegraph Co., the British Post Office, 
and the Canadian Overseas Telecom- 
munication Corp. and will cost about 
$40 million. Service is scheduled to be 
established late in 1956. 

The Monarch must lay a cable across 
2000 mi of ocean bottom by summer’s 
end, for summer is the only time the 
Atlantic is calm enough to permit such 
an undertaking. The ship can lay up to 
6 nautical miles of cable per hour. A 
second cable is to be laid from Scotland 
to Newfoundland in the summer of 
1956. 

The new twin-cable system will greatly 
improve the telephone service between 
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the United States and Great Britain. 
This service was inaugurated in 1927 and 
is handled entirely by radiotelephone. 

Each of the transatlantic cables will 
be equipped to transmit speech in one 
direction: thus voices from New York 
will travel eastward over one cable, and 
voices from London will be carried west- 
ward over the second cable. The system 
will be able to carry 36 conversations at 
the same time, almost tripling the pres- 
ent radiotelephone capacity between the 
United States and Great Britain. 

In 1927, when radiotelephone service 
was initiated, there were 2000 calls 
made. The annual telephone traffic be- 
tween the two countries today is more 
than 30 times as heavy. 


® The widely held belief that cattle do 
not sweat has now been disproved by re- 
search conducted by the Commonwealth 
Scientific and Industrial Research Or- 
ganization in Sydney, Australia. Investi- 
gators compared a purebred Ayrshire calf 
with two Zebu-cross calves. The animals 
were kept in a hotbox and a small, 
shaved area of the coat was examined 
for traces of sweat. All three calves pro- 
duced beads of sweat. The Zebu-cross 
calves produced about 4 times more 
sweat than the pure British breed. 

The Zebu-cross calves kept their tem- 
perature normal at 102°F when they 
were in a hotbox at 115°F. The temper- 
ature of the purebred British calf rose to 
105°F under the same conditions, and it 
showed signs of heat distress. It seems 
likely that the greater amount of sweat 
produced by the Zebu-cross calves 
helped them adjust satisfactorily to the 
hot environment. 


Scientists in the News 


GERTRUDE D. MAENGWYN-DAVIES, as- 
sistant professor of ophthalmology in the 
Wilmer Institute, Johns Hopkins Medi- 
cal School, has been appointed an asso- 
ciate research professor in the depart- 
ment of pharmacology at the George 
Washington University Medical School, 
Washington, D.C., effective 1 July. 


In a presentation ceremony that took 
place at Washington University (St. 
Louis) on 6 June, ALLEN 0. WHIPPLE, 
professor emeritus of surgery at the Col- 
lege of Physicians and Surgeons of Co- 
lumbia University, received the first 
Graham award for outstanding contribu- 
tions to surgery. Funds for the award 
were set up by associates and former stu- 
dents of EVARTS A. GRAHAM, emeritus 
Bixby professor of surgery at Washing- 
ton, at the time of his retirement in 1951. 
The medal will be awarded every 3 or 4 
years to the surgeon who, in the opinion 
of the selection committee, has made the 
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most significant contributions to his pro- 
fession. 

Whipple is director of a new project 
by which the American College of Sur- 
geons will be associated with the U.S. 
Foreign Operations Administration in 
bringing to this country doctors from the 
NATO countries who might train in 
American hospitals. 


Two new appointments in the depart- 
ment of mechanical engineering at Mas- 
sachusetts Institute of Technology are as 
follows: KNOX MILLSAPS, chief of the 
applied mathematics research branch at 
the Wright Air Development Center, 
Wright Patterson Air Force Base, Day- 
ton, Ohio, will be visiting professor for 
the 1955-56 academic year; and, effec- 
tive 1 July, JAMEs A. FAY, assistant pro- 
fessor in the department of engineering 
mechanics at Cornell University, will 
become an associate professor. 


Last month ROBERT C. BERSON, dean of 
the Medical College of the University of 
Alabama, was formally installed as the 
university’s vice president for health af- 
fairs. 

Both Berson and THOMAS F. PAINE, 
Jr., professor of microbiology, have re- 
cently accepted additional appointments 
as professors of medicine. These appoint- 
ments are on a voluntary basis; each man 
will offer his services from time to time 
when called upon by the chairman of 
the department. 


W. MAURICE EWING, director of Co- 
lumbia University’s Lamont Geological 
Observatory, Palisades, N.Y., and a pio- 
neer scientist in underwater sound re- 
search, has received the U.S. Navy’s Dis- 
tinguished Public Service award for his 
outstanding contributions to the science 
of undersea warfare. The presentation 
was made by Assistant Secretary James 
H. Smith, Jr., in a ceremony that took 
place in Washington on 31 May. 


For his outstanding contributions to 
gliding, RALPH S. BARNABY, chief of the 
aeronautics section of the Franklin In- 
stitute Laboratories for Research and 
Development, was honored by the Fed- 
eration Aeronautique Internationale dur- 
ing its 1955 General Conference in Paris, 
1-25 June. He received a Paul Tis- 
sandier diploma, awarded annually by 
the FAI to representatives of the various 
member nations “who by their action, 
work, initiative, their devotion or any 
other manner, serve.the cause of aviation 
in general, and private and sporting 
aviation in particular.” 


An especially prepared issue (May 
1955) of the Stanford Medical Bulletin 
has been dedicated to ARTHUR L. BLOOM- 
FIELD, emeritus professor of medicine, 


by more than 150 former students and 
colleagues. A tribute written by Emile F. 
Holman, head of Stanford Medical 
School’s department of surgery, describes 
the noted internist as a “profound stu- 
dent, incomparable teacher, superb diag- 
nostician, and relentless foe of the pusil- 
lanimous.” 

Bloomfield, who retired last year as 
head of the department of medicine 
after 26 years of teaching at Stanford, 
was particularly well-known for his ward 
rounds. Holman says: “His ward rounds 
were a delight. In the midst of a schol- 
arly medical review he would suddenly 
present an apt quotation from Cicero or 
Shakespeare or the more homely phil- 
osopher, O. Henry, to give color, point, 
and zest to his teaching.” 


JOSEPH T. VELARDO, research associate 
at the Harvard Medical School and the 
Peter Bent Brigham Hospital, Boston, 
is the recipient of the Rubin award for 
his work in reproductive physiology and 
sterility. He was honored during the an- 
nual meeting of the American Society 
for the Study of Sterility that took place 
in Atlantic City, N.J., 4-5 June. Vel- 
ardo’s paper “Effect of various steroids 
on gestation and litter size in rats” 
helped bridge the gap between basic 
studies and clinical applications. 


ARTHUR KNUDSON, professor of bio- 
chemistry at the Albany Medical Col- 
lege, will depart in July for Djakarta, 
Indonesia, where he will serve as visiting 
professor of biochemistry. During the 
2-year appointment he will participate 
in the University of California—Univer- 
sity of Indonesia project in medical edu- 
cation that is being sponsored by F.O.A. 


The council of the Royal College of 
Surgeons of England has announced that 
LOYAL DAVIS, chairman of the depart- 
ment of surgery at Northwestern Univer- 
sity Medical School, who is known for 
his work in surgery of the nervous sys- 
tem, has received an honorary fellow- 
ship. 

The fellowship is awarded to out- 
standing surgeons who have made sig- 
nificant contributions to their field. The 
Royal College also awarded fellowships 
to ROBERT JANES of Toronto, Canada, 
and WILLIAM DooLIN of Dublin, Ireland. 


CARL R. MOORE, professor and chair- 
man of the University of Chicago’s de- 
partment of zoology, has been awarded 
the first Endocrine Society medal. The 
medal has been established to honor dis- 
tinguished scientific research in the study 
of the endocrine glands. 

Moore is one of the pioneers in the 
study of sex glands and hormones. His 
researches began almost 40 years ago 
and have led to new information on sex- 
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gland transplantation, the function of 
sex hormones secreted by living tissues, 
the conditions under which germ cells 
are produced, and a test for the male 
sex hormone. Research at the University 
of Chicago in which Moore played a 
leading role formed the foundation for 
medical progress in the treatment of 
prostate cancer in men and breast cancer 
in women. 


RUSSELL J. SEIBERT, director of the 
department of Arboreta and Botanic 
Gardens for Los Angeles County, Calif., 
has been appointed director of the Long- 
wood Gardens near Kennett Square, Pa., 
effective 15 July. The appointment was 
announced by Henry B. du Pont, presi- 
dent of the Longwood Foundation, which 
operates the gardens. 


JAMES B. FISK, vice president in 
charge of research for Bell Telephone 
Laboratories, was elected executive vice 
president on 1 June. In his new post Fisk 
is directly responsible for all technical 
activities of Beli Laboratories as well as 
continuing as head of research. 

Also effective on 1 June, Esti I. 
GREEN, director of military communica- 
tion systems, was elected vice president 
in charge of systems engineering. 

At the same time five new general 
department heads were named: mM. L. 
ALMQUIST is director of systems engineer- 
ing I; Pp. w. BLYE is director of systems 
engineering II; F. J. SINGER is director of 
systems engineering III; }. A. MORTON is 
director of device development under 
the vice president in charge of switching 
and transmission developments; and R. R. 
HOUGH is director of military electronics 
development II. 


RAYMOND R. DICKISON, former head li- 
brarian at the Colorado School of Mines, 
has been named chief librarian for Oak 
Ridge National Laboratory. 


KANEMATSU SUGIURA, associate of the 
Sloan-Kettering Institute for Cancer Re- 
search, New York, has been appointed an 
honorary member of the Japanese Cancer 
Association, He had an audience with 
Emperor Hirohito on 27 Apr. 


DONALD F. MARLOWE, associate techni- 
cal director for engineering at the U.S. 
Naval Ordnance Laboratory, Silver 
Spring, Md., resigned on 1 July to be- 
come dean of engineering and architec- 
ture at Catholic University. During his 
14 years at NOL, Marlowe has become 
an authority on the applications of the 
theory of elasticity to mine structure. 

He is succeeded by DAvID Ss. MUZZEY, 
who has served as chief of the engineer- 
ing department for the past 3 years. In 
his new post Muzzey has supervisory re- 
sponsibility for four NOL departments: 
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engineering, underwater ordnance, fuze, 
and technical evaluation. Muzzey is in 
turn succeeded by WILLIAM B. ANS- 
PACHER, former deputy chief of the engi- 
neering department. 


The following are among those who 
have recently received honorary doctoral 
degrees. 

Oglethorpe University: MURRAY M. 
COPELAND, professor and director of the 
department of oncology, Georgetown 
University Medical Center. 

Smith College: CAROLINE BEDELL 
THOMAS, associate professor of medicine, 
Johns Hopkins University School of 
Medicine. 

Pomona College: AVERY s. HOYT, 
chief of the U.S. Bureau of Entomology 
and Plant Quarantine. 

University of Oxford: KING GUSTAF 
vi ADOLF of Sweden, archeologist. 

New York University: EDGAR DOUGLAS 
ADRIAN, Nobel laureate in physiology 
and master of Trinity College, Cam- 
bridge University, England; GrorGE 
PACKER BERRY, dean of the Harvard 
Medical School; vINCENT DU VIGNEAUD, 
chairman of the department of biochem- 
istry, Cornell University Medical Col- 
lege; EVARTS AMBROSE GRAHAM, surgeon 
and emeritus professor at Washington 
University School of Medicine; BER- 
NARDO ALBERTO HOUSSAY, Nobel lau- 
reate and director of the Institute of 
Medicine and Experimental Biology, 
Buenos Aires, Argentina; KAJ ULRIK 
LINDERSTR@M-LANG, director of the 
Carlsberg Laboratory, Copenhagen, Den- 
mark; ROBERT FREDERICK LOEB, chair- 
man of the department of medicine, Co- 
lumbia University; THOMAS PARRAN, 
dean of the School of Public Health, 
University of Pittsburgh, and formerly 
Surgeon General of the U.S. Public 
Health Service; WILDER GRAVES PEN- 
FIELD, professor of surgery and neuro- 
surgery, McGill University, Canada, and 
founder and director of the Montreal 
Neurological Institute; LowELL JAcoB 
REED, president of the Johns Hopkins 
University; ALFRED NEWTON RICHARDS, 
professor emeritus of pharmacology and 
vice president in charge of medical af- 
fairs of the University of Pennsylvania, 
and former president of the National 
Academy of Sciences; JONAS EDWARD 
SALK, discoverer of the vaccine for the 
prevention of poliomyelitis and director 
of the Virus Research Laboratories of 
the School of Medicine, University of 
Pittsburgh; HOWARD CANNING TAYLOR, 
jR., professor of obstetrics and gyne- 
cology, Columbia University. 

Ohio State University: MELVIN DE 
GROOTE, vice president, Petrolite Corp.; 
HOMER C. FRITSCH, executive vice presi- 
dent, Parke, Davis and Co. 

Monmouth College: p. A. WELLS, chief 
of the Eastern Utilization Research 


Branch, U.S. Agricultural Research 
Service. 

North Carolina State College: E1- 
WOOD L. DEMMON, director, Southeast- 
ern Forest Experiment Station. 

Pratt Institute: WALTER LEO WEIBLE, 
Deputy Chief of Staff for Operations and 
Administration, U.S. Army. 

Worcester Polytechnic Institute: cLar- 
ENCE H. LINDER, vice president for engi- 
neering, General Electric Co.; HAROLD 
S. BLACK, research engineer, Bell Tele- 
phone Laboratories, Inc.; MILTON P. HIG- 
cIns, president of Norton Co. 

Lehigh University: FRANK M. MAST- 
ERS, bridge designer; WILMER A. DEHUFF, 
principal of the Baltimore Polytechnic 
Institute. 

Columbia University: FELIX ANDRIES 
VENING-MEINESZ, geophysicist, Univer- 
sity of Utrecht, Netherlands. 


The following appointments to assist- 
ant professor have been announced: Uni- 
versity of Illinois: Leo F. KocH, biology. 
Western Michigan College: NATHAN 
NICHOLS, physics; JAMES H. POWELL, 
mathematics; CAROLA TRITTIN, paper 
technology. 


Necrology 


WALTER C. BAKER, 87, pioneer auto- 
motive manufacturer, Baker-Raulang 
Co., Cleveland, Ohio, 26 Apr.; MADISON 
BENTLEY, 84, psychologist, author, and 
editor, and former chairman of the de- 
partment of psychology at Cornell Uni- 
versity in Ithaca, N.Y., Palo Alto, Calif., 
29 May; CARLE M. BIGELOw, 65, retired 
chemical and management expert, Fine 
Chemicals Division of the American 
Cyanamid Co. in Somerville, N.J., Bound 
Brook, N.J., 10 May. 

WALTER H. DANE-DWORECKI, €ar, nose, 
and throat specialist and chief of oto- 
laryngology at the Veterans Administra- 
tion Hospital in Albuquerque, N.M., 
London, England, 18 May. 

GUSTAV EGLOFF, 69, petroleum scien- 
tist, research director for the Universal 
Oil Products Co. of Des Plaines, IIl., for- 
mer president of the American Institute 
of Chemists and of the Western Society 
of Engineers, Chicago, 29 Apr.; ADOLPH 
ELWYN, 67, associate professor of neuro- 
anatomy at Columbia University College 
of Physicians and Surgeons in New York, 
Briarcliff Manor, N.Y., 9 June; rR. wit- 
LIAM ESHMEYER, 50, fisheries expert, ex- 
ecutive vice president of the Sport Fish- 
ing Institute and former head of fisheries 
research for the Tennessee Valley Au- 
thority in Knoxville, Tenn., Arlington, 
Va., 20 May. 

THADDEUS REAMY GILLESPIE, 59, as- 
sistant professor of obstetrics at the Uni- 
versity of Cincinnati College of Medi- 
cine, Cincinnati, Ohio, 21 Apr.; Isaac 
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GLASSMAN, 64, roentgenologist and diag- 
nostician and author, New York, 5 May; 
NATHAN W. GREEN, 84, retired surgeon, 
founder and former president of the 
American Society of Thoracic Surgery, 
Norwalk, Conn., 21 Apr.; ALBERT F. 
cuiTerAs, 50, consulting chemist and 
director of Hudson Laboratories, former 
research coordinator, treasurer, and di- 
rector of bacteriology and toxicology for 
Foster D. Snell, Inc., New York, 26 
May. 

ABNER KURTIN, 43, dermatologist and 
syphilologist, founder of the Albert Ein- 
stein College of Medicine of Yeshiva 
University, New York, 11 May. 

GEORGE MILLER MACKEE, 77, dermatol- 
ogist, professor emeritus of dermatology 
at New York University, consultant at 
Stamferd and St. Joseph’s hospitals in 
Stamford, Conn., and St. Luke’s and St. 
Vincent's hospitals in New York, Stam- 
ford, Conn., 8 May; HARRY MANDEL- 
BAUM, 60, assistant in medicine and di- 
rector of the hypertension clinic at the 
Jewish Hospital in Brooklyn, N.Y., and 
clinical professor of medicine at the 
State University of New York College 
of Medicine in Brooklyn, New York, 
27 May; JOHN PUTNAM MARBLE, 58, re- 
search geochemist, chairman of the com- 
mittee on measurement of geologic time 
of the division of geology and geography, 
National Research Council, Washington, 
D.C., 6 June; c. ERNEST MILLAR, 69, 
agronomist, retired head, department of 
soil science, Michigan State University 
in East Lansing, Beverly Hills, Calif., 
27 Mar. 

GROVER CLEVELAND NANCE, 72, former 
head of the geology and geography de- 
partment of Winthrop College, Rock 
Hill, S:C., 24 May; PAUL SUMMER NICK- 
ERSON, 63, associate professor of educa- 
tion and psychology at The Citadel, 
Charleston, S.C., 15 May. 

JOSEPH I. PASCAL, 65, ophthalmologist, 
adjunct ophthalmological surgeon at the 
Hospital for Joint Diseases, Beth David 
Hospital, and Harlem Eye and Ear Hos- 
pital, director of the eye department of 
Stuyvesant Polyclinic Hospital, and co- 
founder and former director of the 
American Institute of Optometry, New 
York, 22 Apr.; EDWARD G. PFAHL, 78, 
engineering consultant,» Brookhaven, 
Miss. 18 Apr.; HAROLD ROMAINE 
PHALEN, 66, head of the department of 
mathematics at the College of William 
and Mary, Williamsburg, Va., 30 May; 
GEORGE W. MACPHERSON PHILLIPS, 67, 
chemical engineer with the U.S. Depart- 
ment of Agriculture’s Eastern Utilization 
Research Branch, Philadelphia, Pa., 24 
Apr. 

WILLIAM CG. REAVIS, 73, psychologist and 
an emeritus professor of education at the 
University of Chicago, Chicago, IIl., 1 
June; JAMES VINCENT Riccl, 64, clinical 
professor of gynecology and obstetrics at 
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New York Medical College, consulting 
gynecologist and obstetrician at Beek- 
man-Downtown and Columbus _hospi- 
tals, New York, 11 May; LisLe A. ROSE, 
51, professor of general engineering and 
director of University of Illinois engi- 
neering and information publications, 
Champaign, IIl., 23 May; s. Lewis 
RUBINSOHN, 69, surgeon and chief of 
proctology at the Einstein Medical Cen- 
ter, Northern Division, Philadelphia, 
Pa., 1 May; A. DAVID RUSSELL, president 
of the Russed Pharmacal Corp., New 
York, 5 June. 

FERDINAND R. SCHEMM, 55, heart spe- 
cialist, a founding director of the Great 
Falls Heart Research Institute in Great 
Falls, Mont., St. Louis, 16 May; cari 
ALWIN SCHENCK, 87, forester, founder 
of the first school of forestry in the 
United States, Lindenfels, Germany, 16 
May; ALFRED A. SCHILLER, 39, associate 
professor of physiology at the University 
of Illinois College of Medicine in Chi- 
cago, Ill., Palo Alto, Calif., 21 Apr. 

ISADORE M. TRACE, 75, heart specialist, 
a founding physician of Mount Sinai 
Hospital, Chicago, IIl., and professor of 
medicine at Chicago Medical School, 
Chicago, 4 May. 

ITZHAK VOLCANI, 75, founder and head 
of the Jewish Agency’s agricultural ex- 
periment station in Rehovoth, Tel Aviv, 
Israel, 24 May. 

PAUL A. WEBSTER, 52, specialist in 
silica analysis and chemist for the Hart- 
ford Empire Co., Hartford, Conn., 23 
Apr.; HARRY WEIss, 63, physician and 
bacteriologist, adjunct physician at 
Mount Sinai Hospital, associate attend- 
ing physician at Sydenham Hospital, 
New York, 21 Apr.; JOE YOUNG WEST, 
51, science professor at Towson State 
Teachers College, Towson, Md., 29 
Apr.; DONALD W. WHITLOCK, 61, research 
engineer for Keuffel and Esser Co. of 
New York, Orange, N.J., 19 Apr.; 
JOSEPH A. WHITTINGTON, 57, post engi- 
neer at Blue Grass Ordnance Depot, 
Richmond, Ky., 24 Apr. 


Education 


® Concern over the nation’s short supply 
of scientific manpower led a University 
of California scientist to take a new step 
in solving that problem. Arthur B. Par- 
dee, assistant professor of biochemistry 
and assistant research biochemist in the 
university's Biochemistry and Virus 
Laboratory at Berkeley, launched a pro- 
gram for placing high-school science stu- 
dents in research laboratories for sum- 
mer work. 

At the end of March Pardee wrote to 
science teachers in some 30 high schools 
throughout the San Francisco Bay area. 
He asked them to discuss with their out- 
standing science students the prospect of 


summer work in research laboratories at 
the University of California and sug- 
gested that the students apply for the 
positions by letter. 

Some 40 applications were submitted. 
Since only about 10 jobs were available 
at the university, Pardee has talked with 
research laboratories in industry and in 
other universities in an effort to place the 
students, 


"Four new graduate programs, three of 
them leading to the Ph.D. degree, will 
be offered by the Stevens Institute of 
Technology next September. The new 
degrees can henceforth be earned in the 
departments of chemistry, mathematics, 
and physics, which already award ad- 
vanced degrees at the master’s level. 

The fourth new degree toward which 
Stevens gracuate students now will be 
able to work is that of master of science 
in civil engineering. This mekes civil 
engineering the eighth department in 
which the master’s degre can be earned. 

The eight departments now offer grad- 
uate degrees in 15 major areas of spe- 
ci.lization in éngineering and science. 
The three new doctoral programs bring 
to four the number of departments 
awarding the doctorate. The department 
of mechanical engineering already ac- 
cepts candidates for the degree of doctor 
of science in applied mechanics. 


® An engineering psychology section has 
been established in the electrical engi- 
neering division of the Franklin Institute 
Laboratories for Research and Develop- 
ment. Ezra S. Krendel, who joined the 
laboratories’ staff in 1949, has been ap- 
pointed section chief. 


"The New York University College of 
Engineering will inaugurate programs in 
nuclear engineering and engineering sci- 
ence in the fall, and Dean Thorndike 
Saville states that the college has dis- 
cussed with the U.S. Atomic Energy 
Commission plans for construction this 
summer of a subcritical nuclear reactor 
for laboratory use. The new graduate 
program, for which the degree of master 
of nuclear engineering has been author- 
ized, is the first in the New York metro- 
politan area and among the first in the 
country. 

The planned subcritical reactor would 
be the first of its kind at a university. It 
cannot maintain a chain reaction and 
therefore is appropriate for university 
classroom studies. Economical, safe, and 
accurate for experiments in undergrad- 
uate and graduate education in nuclear 
engineering, it would be built at a cost of 
a few thousand dollars. (The cost of con- 
structing and installing operating re- 
search and industrial reactors amounts 
to millions of dollars.) Uranium would 
be on loan from the AEC. 


27 


“ig 
~ 
i 
a 
» 
4 
4 
| 


If the project is approved by the AEC, 
the installation will be tested this summer 
at Brookhaven National Laboratory, Up- 
ton, N.Y., and moved in September to 
the basement of Butler Hall on N.Y.U.’s 
University Heights campus in the Bronx. 
The reactor will consist of a 5-ft tank of 
water in which 2 tons of uranium rods are 
placed. The neutron source, consisting of 
polonium and beryllium, will be housed 
beneath floor level and can be hoisted up 
among the uranium rods by remote con- 
trol. 

The program in engineering science 
will lead to the degree of bachelor of 
engineering science. It is designed chiefly 
for students who intend to do postgradu- 
ate work directed toward research and 
development. Thus, after a 4-year pro- 
fram in engineering science, a student 
could take postgraduate work in any of 
the specialized engineering fields: civil, 
aeronautical, chemical electrical, me- 
chanical, nuclear, and metallurgical. 


®Training in the fundamental back- 
ground for the design and operation of 
automatic control systems for science and 
industry will be the basis of a new grad- 
uate program to be offered at Harvard 
University next fall. The program in con- 
trol systems engineering will offer educa- 
tional opportunities leading to both the 
M.S. and the Ph.D. degree through the 
division of engineering and applied phys- 
ics, Graduate School of Arts and Sci- 
ences. 

Applications of control systems range 
from the processing of raw materials to 
the packaging of finished goods. Specific 
uses applv to oil refining, machining of 
metals, classification of freight cars, traf- 
fic control, telephone operation, and sci- 
entific computation, The Harvard pro- 
gram will stress design of integrated 
control systems, veering away from the 
present practices of building components 
and attempting to fit these into a system. 

The program material will draw on a 
variety of disciplines, including mathe- 
matics and mechanical and electrical 
engineering. Requirements for the M.S. 
degree include successful completion of 
eight half courses that are selected by the 
student with faculty approval. The new 
course should be completed in one aca- 
demic year. The doctor's degree will en- 
tail a minimum residence of 2 years, cul- 
minating in a thesis describing original 
research, 

These curriculums are open only to 
students who have been admitted to the 
graduate school. Applications for ad- 
mission to the first class this fall may be 
filed until 15 Aug. at the office of the 
Dean of the Graduate School of Arts 
and Sciences, 24 Quincy St., Cambridge 
38, Mass. After the first year (1956-57) 
and following, applications and support- 
ing papers should be filed before 1 May. 
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Grants, Fellowships, and Awards 


At its recent annual meeting in New 
York, the Engineering Foundation of 29 
W. 39 St., New York 18, approved appli- 
cations totaling $61,850 for the 1955-56 
fiscal year. In a number of cases the 
grant is contingent upon the project’s 
being able to raise outside support. 

The grants will further 26 research 
programs being carried out in university 
laboratories all over the country under 
sponsorship of the major engineering 
societies, The investigations range from 
column research, which has been under 
way long enough to give definite promise 
of safer and less expensive structures, to 
a new research program for predicting 
disastrous storm surges in time to prevent 
serious loss of life. 


™ The Louis W. and Maud Hill Family 
Foundation has made a grant of $54,000 
to the University of Minnesota for the 
purpose of inaugurating a 4-year pro- 
gram of summer institutes for high- 
school teachers of the physical sciences 
and mathematics. The grant will cover 
the costs for the first 2 years, when it 
may be extended if the program is suc- 
cessful. The departments of physics, 
chemistry, and mathematics will cooper- 
ate in organizing a program designed to 
fit the needs of the teacher now serving 
in the secondary schools. 


® The American Dermatological Associa- 
tion is again offering a series of prizes for 
the best essays submitted for original 
work, not previously published, related 
to some fundamental aspect of dermatol- 
ogy or syphilology. The purpose of this 
contest is to stimulate investigators to 
original work in these fields. Cash prizes 
will be awarded as follows: $500, $400, 
$300, and $200 for first, second, third, 
and fourth place, respectively. Manu- 
scripts typed in English with double 
spacing and ample margins, together 
with illustrations, charts, and tables, all 
of which must be in triplicate, are to be 
submitted not later than 15 Nov. 

The manuscripts should be sent to Dr. 
J. Lamar Callaway, Secretary, American 
Dermatological Association, Duke Hos- 
pital, Durham, N.C. Applications that 
are incomplete in any of the afore-men- 
tioned respects will not be considered. 
Manuscripts should be limited to 10,000 
words or less, and the time required for 
presentation of the prize essay may not 
exceed 30 min, 

In order to aid fair judgment, papers 
should be submitted under a nom de 
plume with no information anywhere in 
the paper regarding the institution or 
clinic where the work was done. Along 
with the paper by “John Smith” for ex- 
ample, a plain sealed envelope bearing 
the nom de plume and the full name and 


address of the author should also be sub- 
mitted. Only after all the papers have 
been judged and returned to the chair- 
man are the sealed envelopes opened and 
the winners known. 

Competition in this contest is open to 
scientists generally, not necessarily to 
physicians. The essays are judged on the 
following considerations: (i) originality 
of ideas; (ii) potential importance of the 
work; (iii) experimental methods and 
use of controls; (iv) evaluation of results; 
(v) clarity of presentation. This contest 
is planned as an annual one, but if in 
any year no paper is considered worthy of 
a prize, the award may be omitted. 

The results will be announced prior to 
1 Jan. 1956, and papers not winning a 
prize become the authors’ property and 
will be returned promptly. Any paper 
that wins a prize becomes the property 
of the American Dermatological Associa- 
tion. 

The candidate winning first prize may 
be invited to present his paper before the 
annual meeting of the American Derma- 
tological Association with expenses paid 
in addition to the $500 prize. Further in- 
formation regarding this essay contest 
may be obtained by writing to the secre- 
tary of the American Dermatological 
Association. 


In the Laboratories 


® Two Norelco X-ray Diffraction Schools 
will be sponsored by the Research and 
Control Instruments Division, North 
American Philips Co., Inc., 756 South 
Fulton Ave., Mount Vernon, N.Y., dur- 
ing the coming months. The 21st week- 
long series of sessions will be held at the 
Sir Francis Drake Hotel, San Francisco, 
26-30 Sept., and the 22nd series is to take 
place at the Hotel Knickerbocker, Chi- 
cago, Ill., 10-14 Oct. 

Morning sessions will be devoted to 
lectures, and afternoon meetings will in- 
volve powder camera techniques, the 
x-ray diffractometer (diffraction goniom- 
eter), and the x-ray spectrograph (fluo- 
rescence analysis). 

On Friday the schools will devote the 
day to actual application problems from 
the field, and a number of speakers will 
discuss details and methods in use in 
industrial plants and laboratories. No 
registration fee is charged, and those who 
wish to attend are urged to register as 
soon as possible, since accommodations 
will be limited. 


@ At least half of 200 large companies 
engaged in research and development— 
all of them in essential industries—re- 
port shortages of research scientists and 
engineers, according to Alan T. Water- 
man, director of the National Science 
Foundation. On 6 June Waterman made 
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public the preliminary findings of a 
study of industrial research being made 
by the Bureau of Labor Statistics as part 
of the foundation’s national survey of 
scientific research and development. He 
described the survey to the 6th Annual 
Conference on Industrial Research held 
by the Department of Industrial and 
Management Engineering of Columbia 
University in Harriman, N.Y. 

Waterman said that the 200 companies 
interviewed in the study employ a sub- 
stantial proportion of all scientists and 
engineers engaged in industrial research. 
About two-thirds of the companies with 
shortages reported that the shortages 
were major. All companies agreed that 
there is need for better qualified, more 
highly trained scientists and engineers. 
A sizable number of firms said that they 
had been forced to curtail projected in- 
creases in their research and develop- 
ment programs because of lack of quali- 
fied personnel. 


™De Beers Consolidated Mines has 
found a 572%4-carat diamond in its 
Jagersfontein mine near Kimberley, 
South Africa. This is the third largest 
ever found at this mine; the largest was 
the 971-carat Excelsior diamond, dis- 
covered in 1893. The Cullinan diamond, 
found at the Premier mine, weighed 
302434 carats. ; 

The company said that the latest find 
was “rather disappointing in that its 
color is not good and there are a number 
of spots and cracks, and its quality is 
therefore not of a high standard.” The 
stone was found by a native. It is 1 in. 
thick, 2 in. long, and 13 in. wide. 


® An 80-year-old engine, one of the few 
of its kind in existence, has been restored 
at the Cooper-Bessemer Corp., Mount 
Vernon, Ohio. The 7000-lb, 15-hp en- 
gine that was used for threshing was 
built about 1875 by the firm’s predeces- 
sor, the C. & G. Cooper Co. Cooper- 
Bessemer plans to build a museum in 
the near future. 


"The Rensselaer Polytechnic Institute 
library has been designated by the U.S. 
Atomic Energy Commission as an in- 
formation depository for atomic data to 
serve northeastern New York and adja- 
cent New England areas. More than 12,- 
000 nonclassified documents are on file 
in the library, and additional material is 
being received each week. 

As a part of Rensselaer’s services-to-in- 
dustry program, the atomic data will be 
available to industrial firms and individ- 
uals, who formerly have had to contact 
the AEC Technical Information Service 
in Oak Ridge, Tenn., in order to obtain 
information. 

The documents, which include data 
from Atomic Energy of Canada, Ltd., 
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and the Atomic Energy Research Estab- 
lishment of Great Britain, are on file in 
bound pamphlets and on microprint 
cards. 


New Journals 


Endocrinologia Japonica, vol. 1, No. 
1, Sept. 1954. (In English.) Yosoji Ito, 
Ed. Endocrinological Society of Japan 
(Eastern Branch), Institute of Physi- 
ological Chemistry, Department of Phar- 
macy, Faculty of Medicine, Tokyo Uni- 
versity, Motofuji, Bunkyo-ku, Tokyo, 
Japan. Quarterly. $6 per year (except 
for vol. 1, 2 issues, $3.) 

Journal of Inorganic & Nuclear 
Chemistry, vol. 1, Nos. 1/2, Mar. 1955. 
(In English, French, and German.) 
Joseph J. Katz, H. C. Longuet-Higgins, 
and H. A. C. McKay, Eds. Pergamon 
Press, Maxwell House, Marleybone 
Road, London, N.W.1, England; 122 E. 
55 St., New York 22. Issued in parts. 
$12.60 per vol. ($9.80 for individual 
subscribers’ private use. ) 

Journal of the Japanese Obstetrical & 
Gynecological Society (English Edi- 
tion), vol. 1, No. 1, Jan. 1954. The So- 
ciety, 5, 2-Chome, Kanda-Surugadai, 
Chiyoda-ku, Tokyve, Japan. Quarterly. 

Journal of the West African Science 
Association, vol. 1, No. 1, Oct. 1954. 
(In English, French, and German.) A. 
S. Boughey, Ed. The Association, Uni- 
versity College, Achimota, Gold Coast, 
West Africa. Annually. 21s per year. 

Land Locomotion Bulletin, No. 1, 
Jan.—Apr. 1955. Land Locomotion Divi- 
sion, Detroit Arsenal, Center Line, Mich. 

Mineralogical Journal, vol. 1, No. 3, 
Oct. 1954. Nobuo Katayama, Ed. Min- 
eralogical Society of Japan, Department 
of Geology and Mineralogy, Faculty of 
Science, Hokkaido University, Sapporo, 
Japan. $1 per issue. 

Veterinary Reviews and Annotations, 
vol. 1, Pt. 1, Apr. 1955. W. A. Pool, Ed. 
Commonwealth Agricultural Bureaux, 
Farnham House, Farnham Royal, Nr. 
Slough, Bucks, England. Semiannually. 
25s. per year. 

Virology, vol. 1, No. 1, May 1955. 
George K. Hirst, Ed. Academic Press 
Inc., 125 E. 23 St., New York 10. $9 for 
vol. 1. 


Miscellaneous 


® The symposium on air pollution that 
was held at the Berkeley meeting of the 
AAAS is sumarized in “Some scientific 
aspects of the urban air pollution prob- 
lem” by Lauren B. Hitchcock and Helen 
G. Marcus in the July issue of The Scien- 
tific Monthly. Other articles in this issue 
include “Human background of Pacific 
science,” Alexander Spoehr; “Significant 


scientific discoveries by médical stu- 
dents,” William C. Gibson; “An orienta- 
tion toward modern physical theory,” 
Marshall J. Walker; and “City neighbor- 
hood and village,” Richard Neutra. Four- 
teen books are reviewed in this issue. 


= A comprehensive exhibit on the peace- 
ful uses of atomic energy has been sent 
to Latin America for presentation to 
audiences in the Central and South 
American countries as part of the U.S. 
Overseas Information Program. The dis- 
play consists of a series of panels and 
three reactor models describing present 
and proposed applications of nuclear 
energy. Loan of the reactor models was 
arranged through the Atomic Industrial 
Forum, Inc. 


"Applications are invited by the council 
of the Indian Institute of Science for the 
post of the director of the institute. Es- 
sential qualifications for the position are 
high scientific attainment, administrative 
ability, and experience. The salary will 
range from R. 2000 to R. 2500 per month 
($400-$500), depending on the qualifi- 
cations of the candidate. 

The person selected will be on proba- 
tion for a period of 2 years, after which, 
if confirmed, he will continue until his 
retirement at the age of 60. He will be a 
member of the institute’s Provident Fund 
Scheme, for which the subscription rate 
is between 11 and 242 annas per rupee; 
the institute contributes an amount equal 
to 8 1/3 percent of the salary. Leave and 
other privileges will be determined by 
the regulations and bylaws. An unfur- 
nished house situated on the institute 
grounds will be provided, and rent and 
other charges will be levied as prescribed. 

The appointee is entitled to a one-way 
travel fare if he is single, or two fares if 
he is married. For further information 
and forms, write to the registrar, A. G. 
Pai, Indian Institute of Science, Banga- 
lore 3, India. Completed applications 
must be received by 5 Sept. 


™At the 44th annual meeting of the 
International Association of Medical 
Museums held in Houston, Tex., 5-6 
Apr., the name of the association was 
changed to the International Academy of 
Pathology. Ever since its organization in 
1906, the association has been primarily 
interested in advancing the teaching of 
pathology, and it was felt that this change 
in name would more adequately identify 
the association’s main objective. The as- 
sociation currently has about 800 mem- 
bers consisting chiefly of pathologists. 

The next meeting of the association 
will be held in Cincinnati on 24—25 Apr. 
1956. For information, write to the sec- 
retary-treasurer, F. K. Mostofi, Armed 
Forces Institute of Pathology, Washing- 
ton 25, D.C. 
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Reports and Letters 


Human Amnion Cells for Large- 
Scale Production of Polio Virus 


We wish to report a readily available 
source of large amounts of normal hu- 
man cells that can be grown in mass tissue 
cultures and that support propaga- 
tion of poliomyelitis virus. Large num- 
bers of human placentae and membranes 
can be obtained in this country because 
of the many deliveries in clinics and 
hospitals. The high content of blood in 
the placentae and hyaluronic acid in the 
umbilical cord made it difficult to cul- 
ture these tissues on a large scale. We 
have found, however, that the amnion 
and chorion lend themselves easily to 
washing, cutting, trypsin digestion, and 
growth in tissue culture. 

The membranes from one delivery 
yield approximately the same quantity 
of cells as the kidneys of one monkey. 
Although Enders (1) has reported that 
cells emerging from fragments of amni- 
otic membrane (2- or 3-mo gestation) 
are destroyed by poliomyelitis virus, this 
is not a suitable source of cells for rou- 
tine culturing. We have found that cells 
of the full-term amnion support the 
growth of poliomyelitis virus and that 
the virus production is about the same 
as that in monkey kidney cells, which are 
currently being used to produce polio- 
myelitis virus for vaccine production. 

In the present work (2) the two mem- 
branes were cut from the placenta and 
dropped into a phosphate-buffer solution 
at pH 7.2 containing penicillin and strep- 
tomycin, The amnion was stripped from 
the chorion, and each tissue was prepared 
separately. They were washed repeatedly 
in fresh changes of phosphate-buffer so- 
lution, and the chorion was gently 
scraped to remove the small blood ves- 
sels and clotted blood; this was not neces- 
sary for the amnion. The tissue was cut 
into pieces approximately 2 cm square 
and stirred gently in a 0.25 percent tryp- 
sin-buffer solution. The liberated cells 
were decanted at 20-min intervals, cen- 
trifuged at low speed, washed twice, and 
diluted with the culture medium. Plates, 
tubes, and flasks were seeded with cells 
from each tissue and with a mixture of 
cells from both, Although the membranes 
were usually worked up within 5 hr after 
delivery, it seems probable that they 
could be stored for longer periods of 
time without injury to the cells. 


30 


The cells of primary and secondary 
cultures grew equally well in media con- 
taining homologous or heterologous se- 
rums: cord, human, horse, ox, lamb, At 
a level of 20 percent, the serum yielded 
better growth than it did at a level of 
40 percent. The medium for large-scale 
culturing consisted of 20-percent ox se- 
rum in either Parker’s 199 or Earle’s 
balanced salt solution containing 0.5 per- 
cent lactalbumin hydrolysate. Embryo 
extract gave no additional response and 
was omitted. 

A cytologic preparation of the amni- 
otic membrane, stained with Heiden- 
hain’s hematoxylin, showed a uniform 
layer of cuboidal, ectodermal cells. These 
were occasionally interlaced with much 
larger cells that stained less intensely. In 
tissue culture, the cells were uniformly 
epithelial, with two groups of cell sizes. 
The smaller cells were more numerous, 
and each flattened to cover an area of 
approximately 4 to 10 u?, The cytpolasm 
appeared homogeneous with few gran- 
ules or vacuoles. The larger cells, which 
varied in number from preparation to 
preparation, each covered an area of 20 
to 60 w?. They assumed bizarre forms 
and had prominent, parallel fibrous 
structures in their cytoplasm. The cho- 
rion consisted of a mixture of epithelial 
and fibroblastic cells. It yielded a hetero- 
gencous population of cell types in tissue 
culture that was in contrast to the uni- 
formly epithelial cells from the amnion. 
To date, successful preparations have 
been obtained from the membranes of 
10 deliveries. 

The amniotic cells were capable of in- 
fection with poliomyelitis virus, type I 
(Mahoney), type II (MEF-1), and type 
III (Saukett), and both the large and 
small cells underwent radical cytologic 
changes. The amount of virus produced 
by the cultures, measured as plaque- 
forming-units on monkey kidney plates 
(3), was the same order of magnitude 
as is usually obtained from cultures of 
monkey kidney cells, The susceptibility 
of chorionic cells to poliomyelitis virus 
infection is being determined, and further 
work is in progress on nutrition, cytology, 
the cytopathogenic effects of virus infec- 
tion, and viral production. in the cells 
from both membranes. 

The results (4) indicate that human 
amniotic cells may provide a suitable 
alternative to monkey kidney cells for 


the large-scale production of poliomyeli- 
tis virus. The incidence of hepatitis or 
other extraneous viruses in such cell prep- 
arations must be determined, and ade- 
quate precautions must be taken to avoid 
complications caused by the possible 
presence of such viruses. The advantages 
of human, normal, nonorgan cells and 
their ready availability are obvious. 
Exsa M. Zitcer 
J@rcen Focu 
Tuetma H. DUNNEBACKE 
Department of Biochemistry and 
Virus Laboratory, 
University of California, Berkeley 
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Extirpation of Roach 
Prothoracic Glands 


In view of the recent observations on 
the extirpation of roach prothoracic 
glands by Chadwick (J), it is pertinent 
to report an almost identical, but shorter, 
series of experiments carried out in 
1950-51 on Blatta, Periplaneta, and 
Cryptocercus. These operations, along 
with many others of an exploratory na- 
ture, were directed toward determining 
the role of the host-roach, Cryptocercus 
punctulatus, in producing the sexual 
cycles of its symbiotic flagellates (2). 
The cycles take place at the time of molt- 
ing and have recently been correlated in 
chart form with the host molting period. 

The technique employed here differed 
from that described by Chadwick only 
in the addition of a preliminary step that 
was designed to delimit these elusive 
glands. Each roach was given a small 
thoracic injection of 0.2-percent methyl- 
ene blue in saline about | hr before the 
operation. The four ends of the X-shaped 
gland were then generally visible through 
the membranous ventral integument. 

The results of these extirpations com- 
pare favorably with those of Chadwick 
and are summarized in Table 1. The 
total of nymphal roaches was made up 
of one Blatta orientalis, 13 Cryptocercus, 
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and 30 Periplaneta americana. A few ad- 
ditional animals that survived no longer 
than 4 days are omitted, since they never 
fully recovered from the operation. Of 
the 37 animals, 10 underwent two post- 
operative molts, and six underwent three 
such molts. Although only five individu- 
als reached the adult stage in the first 
postoperative molt, 18 reached this stage 
at subsequent molts. 

Twenty-one of the Periplaneta nymphs 
were operated on at varying times from 
a few minutes to 35 days after the molt. 
Those operated on more than 10 days 
postmolt had about 60-percent longer 
first postoperative instars. From this it 
might appear that the intermolt period 
had been significantly lengthened by pro- 
thoracic gland extirpation; however, it 
seems more reasonable to conclude that 
this postoperative instar extension re- 
sulted from the operation itself and the 
subsequent wound repair. The second 
and third postoperative instars of 16 and 
six roaches, respectively, were not un- 
duly long. The intermolt periods of many 
domestic roaches, even among litter 
mates reared under controlled conditions, 
are highly variable (3). Because of this 
and the small number of individuals in- 
volved in these experiments, speculation 
on apparent delay in molting is not justi- 
fied. The sexual cycles of the Crypto- 
cercus protozoans were not affected by 
the extirpations. 

In most cases, examination of the ex- 
cised gland and subsequent autopsy 
showed a partial removal of 50 to 98 per- 
cent of the gland. In the cases in which 
98 percent or more was removed, it 
could not be determined with absolute 
certainty by either of these methods 
whether a small part of one or more ends 
was left within the animal. Further, the 
gland frequently forms small branches 
along fine tracheae. The ease with which 
these were torn away left some question 
concerning the possibility of complete re- 
moval and consequent reliability of the 
operation, Although no significant regen- 
eration was noted, it was felt that very 
small sections of the gland might be suffi- 
cient to enable an animal to continue its 
growth and development. At the time of 
these operations, and in the light of 
Bodenstein’s findings (4) additional ex- 
perimentation was deemed necessary be- 
fore publication of these ‘results. The 


Table 1. Prothoracic gland extirpations: 
molting in the first postoperative instar 


Extir- Molted Molted % 
pation Total Died to to molt- 
(%) adults nymphs _ ing 

88 or 
more 5 0 0 “5 100 
50 to 


98 39 7 5 27 82 


1 JULY 1955 


need for further study of this gland, the 
brain, and perhaps even unsuspected hor- 
mone sources, is becoming increasingly 
apparent. This report is intended as an 
added stimulus to this end. 

W. L. Nutrine 
Biological Laboratories, Harvard 
University, Cambridge, Massachusetts 
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Doverite, a New Yttrium Mineral 


Doverite, a new yttrium fluocarbonate, 
has been discovered at the Scrub Oaks 
iron mine at Dover, Morris County, New 
Jersey. The mineral is named for the city 
of Dover. It was discovered during the 
course of work being undertaken by the 
U.S. Geological Survey on behalf of the 
division of research of the U.S. Atomic 
Energy Commission. 

The new mineral occurs in aggregates 
mixed with xenotime, hematite, and 
quartz. The aggregates are irregular— 
some of them are as large as 1 in. in 
diameter, and some of them have rims 
of bastnaesite. 

In parts of the mine, doverite consti- 
tutes several percent of the gangue. It is 
anisotropic and has indices of refraction 
in the range from 1.700 to 1.685. No de- 
tailed optical data can be presented be- 
cause of the finely crystalline nature of 
the mineral. The marked similarity of 
the x-ray diffraction powder patterns of 
doverite synchisite (CeFCO,° 
CaCO,) indicates that the minerals are 
in the same crystal system and have the 
same crystal structure. The three strong- 
est lines of doverite are 9.7, 3.53, and 
2.78 A, which are almost identical with 
those of synchisite 9.7, 3.56, and 2.80 A. 

Doverite is very fine grained and physi- 
cally inseparable from the other compo- 
nents of the aggregates. Hematite and 
doverite were leached from the aggre- 
gates with concentrated hydrochloric 
acid; a residue of quartz and xenotime 
was left. Interpretation of chemical 
analyses of the aggregates shows doverite 
to be an yttrium analog of synchisite 
with the general formula YFCO,° 
CaCQ,, the Y in the formula including 
several elements of the rare-earth group. 

Doverite is brownish red and consti- 
tutes the bulk of the aggregates, which 
have a nonmetallic luster and a brownish 
streak, are brittle, and break with an un- 
even to subconchoidal fracture, Their 
hardness is 6.5, and the specific gravity 
is 3.89. 

Chemical analysis of the aggregates 


shows the following percentages: rare- 
earth oxides, 44.36 (including Ce,O, 
7.40); ThO,, 1.62; SiO,, 9.70; Fe,O,, 
8.90; CaO, 9.80; P,O,, 8.75; Al,O,, 
0.54; UO,, 0.22; TiO,, 0.75; MgO, 0.53; 
total H,O, 1.35; CO,, 11.75; and F, 
2.87; total 101.14; less O=F 1.21; total, 
99.93. Spectrographic analysis. by K. E. 
Valentine of the Geological Survey 
shows Y to be a major component. The 
rare-earth components include minor 
amounts of Ca, La, Gd, and traces of 
Dy, Er, Yb, Nd, Pr, Lu, Ho, Tm, and 
Eu. Further detailed work on the miner- 
als of this deposit is in progress. 
WituaM Lee 
Jerome Stone 
Dapune D. Riska 
Harry Levine 
U.S. Geological Survey, 
Washington, D.C. 
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Orientation of Single-Crystal 
Silver Halides by Epitaxy 


Attempts to orient single-crystal boules 
of AgCl and AgBr grown from the melt 
have been rather unsuccessful. These 
boules have the shape of cylinders and 
show no crystal faces. Orientation of the 
boules has been tried by (i) cleavage, 
(ii) punch figures, (iii) x-rays, and (iv) 
etch figures. Attempts to develop cleav- 
age by striking a boule cooled in liquid 
nitrogen were not uniformly successful. 
These silver halides do not respond to 
the punch-figure technique of orientation 
because their glide elements <110> 


{110} do not lead to prismatic slip. Our 
attempts to have the boules oriented by 
x-rays have not been successful, probably 
because of the high x-ray absorption of 
these salts. Further, the x-ray method 
does not readily give information on 
whether or not the boule is a single crys- 
tal. Etching with 10 percent Na,S,O, 
solution will reveal the grain boundaries 
in a boule consisting of more than one 
crystal but does not reveal the orienta- 
tion. 

Boules of AgCl and AgBr can be read- 
ily oriented by epitaxy of NaCl on the 
boule surface. This epitaxy (parallel ori- 
ented growth of NaCl on the silver hal- 
ide) is produced by completely immers- 
ing the boule in a water solution of NaCl 
(saturated at room temperature) and al- 
lowing the solution to evaporate slowly 
in a constant-temperature room. After 
the solution has evaporated for several 
days, the boule acquires a coating of fine 
NaCl cubes (0.1 mm to 2.0 mm in size) 
in a close parallel-growth arrangement. 
The orientation of any portion of the 
boule can be readily seen from the in- 
tegrated reflections from the (100) faces 
of these small cubes and can be accu- 
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rately oriented by suitable optical meth- 
ods. In addition, the epitaxy will confirm 
or deny the single crystal character of 
the boule. If the boule consists of more 
than one crystal, the grain boundary is 
easily delineated by the discontinuity in 
reflections from the cube face. Thus, in 
the case of recrystallized sheet AgCl 
wherein the grains are 1 cm or more in 
size the epitaxy of NaCl on the sheet con- 
sists of polygonal areas of commonly ori- 
ented cubes so that an orientation can be 
assigned to each grain. In the case of a 
cylindrical or hemispherical surface of a 
single crystal the epitaxy is observed to 
be complete—that is, valid for all orien- 
tations of the silver halide surface. 
S. ZERFOsS 

J. W. Davisson 
U.S. Naval Research Laboratory, 
Washington, D.C. 
30 March 1955 


Spectrophotofluerometric 
Assay in the Visible 
and Ultraviolet 


With the commercial instruments now 
available, fluorescence assay has been ap- 
plied to many compounds that are visi- 
bly fluorescent. This paper (/) describes 
an experimental instrument that extends 
the scope of fluorescence analysis to per- 
mit the excitation of compounds and the 
measurement of the resulting fluores- 
cence throughout the ultraviolet and 
visible regions. The instrument, which 
we call a spectrophotofluorometer, has 
been applied to a number of problems 
involving both identification and quanti- 
tative assay of organic compounds. Data 
obtained with indoles and 5-hydroxyin- 
doles illustrate the usefulness of the in- 
strument. 

The apparatus (Fig. 1) consists of a 
125-watt xenon arc to provide uniform 


MONOCHROMATOR 


CALIBRATED 
WAVELENGTH 
RUM 


PHOTOMUL-~ 
TIPLIER 

POTENTIOMETER’s_ 
WAVELENGTH 
cAM CUVETTE 


CATHODE RAY 


BATTERY 
OSCILLOGRAPH 


EXCITING 
WAVELENGTH 
POTENTIOMETER 
FLUORESCENT 
WAVELENGTH 
POTENTIOMETER 


TTERY 


PHOTOMULTIPLIER 


X-Y RECORDER 


Fig 1. Schematic arrangement of spectro- 
photofluorometer and block diagram of 
-electric components. 
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Fig. 2. Activation and fluorescence spec- 
trums of tryptophan (top) and 5-hydroxy- 
tryptamine (bottom). The units on the 
ordinates are arbitrary. 


light output from the ultraviolet through 
the visible, together with a Bausch and 
Lomb grating monochromator to select 
the activation wavelength. The sample, 
about 1 ml, is placed in a 1-cm? silica 
cuvette. The fluorescent light is analyzed 
by passing it through a modified quartz 
prism microspectrograph equipped with 
a mechanical scanning device containing 
an_ ultraviolet-sensitive photomultiplier 
type 1P28. The photomultiplier output 
is coupled to the vertical axis of a cath- 
ode-ray oscilloscope, and the output of 
a potentiometer coupled to the wave- 
length cam is applied to the horizontal 
axis. 

In operation, the phototube scanning 
the emitted fluorescent light plots a 
wavelength versus intensity diagram on 
a Du Mont type 304H cathode-ray oscil- 
loscope. This is designated as the fluores- 
cence spectrum. The same signal may 
also be supplied to a pen-and-ink re- 
corder or to a galvanometer. A wave- 
length information signal is also pro- 
vided on the input monochromator so 
that when the fluorescence analyzer is 
set to the wavelength of the peak out- 
put, the incident wavelength can be 
varied through the visible and ultraviolet. 
Fluorescence intensity plotted against 


the wavelength of the activating light 
yields a curve designated as the activa- 
tion spectrum. The wavelength of the 
exciting light is determined from the 
calibrated monochromator dial stand- 
ardized against the lines of a mercury 
arc. The location of the maximums in 
the curves presented in Fig. 2 are accu- 
rate to +5 mp, but their shapes are 
slightly deformed as a result of several 
minor optical defects. 

Activation and fluorescence spectrums 
of tryptophan and 5-hydroxytryptamine 
(serotonin) are presented in Fig. 2 (2). 
These spectrums are typical of those of 
other indoles and 5-hydroxyindoles. Over 
the range of pH from 2 to 11, 5-hydroxy- 
indoles are maximally activated at 295 
mp and fluoresce at 330 mp, whereas 
indoles are activated at 275 mp and 
fluoresce at 360 mu. All the indole and 


Table 1. Activation and fluorescence maxi- 
mums of some organic compounds. 


Acti-  Fluores- 
Me- 
dium “ation cence 
Compound (mp) (mp) 


Tryptamine pH2-11 275 360 
Tryptophan pH2-11 275 360 
Indoleacetic 


acid pH2-11 275 360 
Indole pH2-11 275 360 
5-Hydroxy- 


tryptamine PH 2-11 295 330 
5-Hydroxy- 


tryptophan pH 2-11 295 330 
5-Hydroxy- 

indoleacetic 

acid pH 2-11 295 330 


Epinephrine 0.01N 

HSO, 275 320 
Norepine- 0.01N 
phrine H2SO, 275 320 
Dihydroxy- 
phenyla- 
lanine 0.01N 

H:SO, 275 320 
Tyrosine 0.01N 

H:SO, 270 300-330 
Morphine 0.01N 

H:SO, 270-290 365 
o-Amino- 
phenol 4N H.SO, 265 310 
m-Amino- 


phenol 4N HSO, 265 310 


p-Amino- 
phenol pHs 295 365-370 
o-Hydroxy- 
benzoic 
acid pH 5-6 290 420 
m-Hydro- 
benzoic 
acid 0.1N 
NaOH 315 420 
p-Hydroxy- 
benzoic 
acid 
NaOH’ 280 330 
Aniline pH 9 290 360 
Lysergic acid 
diethyla- 
mide pHY 315 440 
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5-hydroxyindole compounds examined 
(Table 1) fluoresce with sufficient in- 
tensity that 0.1 to 0.4 ug/ml can be 
measured. This sensitivity has made it 
possible to develop a fluorimetric pro- 
cedure, described elsewhere (3), for the 
determination of 5-hydroxytryptamine 
in blood. This compound is found in 
human blood to the extent of about 0.1 
to 0.2 ug/ml. 

Fluorescence evoked by ultraviolet 
radiation below 365 mu is not peculiar 
to the indole compounds but occurs with 
a large number of organic compounds. 
The results of a preliminary survey of 
organic compounds that show both visi- 
ble and ultraviolet fluorescence are pre- 
sented in Table 1. 

The instrument described is intended 
only to provide information about the 
utility and design of a spectrophoto- 
fluorometer. A more practical form of 
this instrument is currently being de- 
signed. 

Rosert L. BowMan 
Parricia A. CAULFIELD 
Swney Upenrrienp 
Laboratories of Technical Development 
and Chemical Pharmacology, National 
Heart Institute, Bethesda, Maryland 
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Priority for Reporting of 
Scientific Discoveries 

Many problems concerning priority for 
the reporting of scientific discoveries are 
symptomatic of the fierce competition 
that often underlies the professional re- 
lationships among scientists. Although it 
can be demonstrated, historically speak- 
ing, that many scientific discoveries have 
been announced by several investigators 
almost simultaneously or within an ex- 
ceedingly short period of time (/), vari- 
ous individual names are associated with 
these discoveries, even though the work 
of others may have been of equal magni- 
tude. On the other hand, many scientists 
do not even bother to give credit to those 
who hold priority for scientific ideas; and 
thus they strive to establish an imypres- 
sion that priority for these ideas belongs 
to themselves (2). Much of this behav- 
ior, of course, is concerned with the gen- 
eral emotional problems of scientists in 
a world where competition for prestige 
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is perhaps even more important than 
competition for monetary gain (3). 

From the practical standpoint, never- 
theless, the remarks of Lillie (4) on the 
subject of spurious publication dates are 
of considerable importance. This is espe- 
cially true in the field of systematics, 
where priority establishes the name of a 
new species, genus, and so forth, and 
thus avoids the chaos that would other- 
wise result. 

With regard to the general question of 
priority that was discussed by Lillie, we 
agree that the actual publication date 
should be clearly defined with regard to 
priority. As an example, according to the 
International Rules of Zoological No- 
menclature the date of publication is the 
date on which the publication was 
mailed or placed on sale (5). It appears 
to us that the actual date of mailing (or 
sale) of the journal issue is a logical basis 
for appraising priority because it repre- 
sents the shortest period in time between 
unavailability of scientific papers and the 
moment when they begin to exert “in- 
fluence on the progress of research in 
other institutions” (4). 

Lillie also suggests that journals print 
the date of receipt of a paper, but he 
does not seem to clarify the reasons for 
this proposal. Many journals do indicate 
the dates of receipt, but, as Lillie sug- 
gests, these dates generally are ignored. 
It appears to us that the date of accept- 
ance of a paper has more value than the 
date of receipt. In some cases these two 
dates occur close together, but in many 
others a considerable period intervenes 
between receipt and acceptance, which 
may be preceded by several revisions. 
The date of acceptance might well be 
considered as the major basis for ap- 
praising priority because it constitutes 
the final act in the chain of scientific 
“cerebration, instrumentation, manipula- 
tion, and interpretation” (6). 

The problem of assigning priority to a 
paper published in a journal dated in the 
year just preeeding the year of actual 
mailing would probably be solved if all 
journals showed both the actual mailing 
dates on the particular issues and the 
dates of acceptance on the particular 
papers. The date of acceptance would 
also prevent the assignment of priority to 
paid papers, which are usually published 
in the next issue of the journal. A promi- 
nent American journal states in its notice 
to contributors that “accepted papers 
which, raise no questions of scientific pri- 
erity may however secure earlier publi- 
cation .. .” if the cost of publication is 
paid. The danger of this policy lies in 
the fact that the editorial board cannot 
know whether a question of priority ex- 
ists except with regard to its own journal. 
Thus the date of acceptance becomes 
vital, for a paid paper may announce a 
discovery’ a year or more prior to publi- 


cation of a similar finding that was in 
press when the paid paper was accepted. 
This might discourage rapid publication 
of paid papers written by unscrupulous 
or emotionally insecure scientists who 
have gleaned material either from manu- 
scripts in preparation by colleagues or 
from those, written by colleagues, that 
are already in press. 

In summary, we propose that journals 
show both the actual date of mailing of 
the journal and the date of acceptance 
of the paper as the basis for priority. 
Furthermore, these dates should also ap- 
pear on reprints or tear sheets for distri- 
bution by authors. Finally, editors might 
well require authors to include the mail- 
ing date of a journal in bibliographic 
citations. 

Leo KartTMan 
Harovp E. Stark 
Communicable Disease Center, U.S. 
Public Health Service, San Francisco 
Field Station, San Francisco, California 
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Physical and Chemical Factors 
in Relation to Histoplasma 
capsulatum in Soil 


The geographic variation in the preva- 
lence of histoplasmin sensitivity is an 
established epidemiologic fact, but the 
basis for this phenomenon remains un- 
known. Undoubtedly the variation re- 
sults in part from factors that influence 
the occurrence and distribution of the 
sensitizing agent, Histoplasma capsu- 
latum, in the environment. 

The primary source of H. capsulatum 
is believed by most investigators to be 
soil, but the fungus is not found in all 
soils. Even within an area of high preva- 
lence of histoplasmin sensitivity such as 
Williamson County, Tenn., H. capsu- 
latum has been isolated with significantly 
greater frequency from some soils than 
it has from others (7, 2). Studies have 
demonstrated that the fungus is cultured 
predominantly from soils in places fre- 
quented by chickens, although chickens 
are not a reservoir of histoplasmosis. It 
is logical to assume that qualitative or 
quantitative variations in the chemical 
components or physical characteristics 
of different soil specimens may de at 
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least partially responsible for the pres- 
ence of the fungus in one sample and its 
absence in another. It was in an effort to 
discover any such determining factors 
that the study reported here was under- 
taken (3). 

Mycological studies of soil from Wil- 
liamson County have been conducted on 
a survey basis in the past with soil sam- 
ples collected at random from all parts 
of the county and from a variety of 
sources (/, 2). In the present investiga- 
tion it was desired to obtain as high a 
yield of isolations of H. capsulatum as 
possible. Therefore, most of the soil sam- 
ples were collected from sites where the 
fungus had been found previously, and 
from sources known to harbor the fungus 
most commonly, such as chicken houses 
and chicken yards. Thus, a little more 
than half of the specimens (54 of 100) 
were obtained from the latter sources, 
but 46 samples were collected from less 
likely habitats in order to provide ma- 
terial for comparison. 

Soil samples were collected by scrap- 
ing the top 0.5- to 1-in. layer of soil into 
a clean, previously unused, wax-lined 
paper carton of 1-pt capacity. The sam- 
ple was assigned a number, and a record 
was kept of the source from which it 
had been obtained. After the sample had 
been thoroughly mixed to make it as 
homogeneous as possible, aliquots were 
sent to the mycology unit of the Com- 
municable Disease Center in Chamblee, 
Ga., and to the Georgia Agricultural Ex- 
periment Station at Experiment, for 
mycological and physical-chemical study, 
respectively. In order to avoid the intro- 
duction ef bias, neither laboratory was 
advised of the source of the sample or 
the results of the other’s analysis until 
all studies had been completed. 

The method used for the isolation of 
H. capsulatum from soil has been de- 
scribed previously (2). The moisture- 
holding capacity of the various soil sam- 
ples and the percentage of clay in them 
were determined by the methods of 
Bouyoucos (4), with modifications. The 
methods of Olson (5) were used for the 
analyses of NO,, P,O,;, K,O, CaO, and 
MgO. Loss on ignition was determined 


Table 1. Results of mycological examina- 
tion of 100 selected soil.samples by source 
of sample, Williamson County, Tenn., 
August 1953. 


Hi. capsulatum 


Samples isolated 
Source (No.) (No.) (%) 
All sources 100 27 27.0 
Chicken house 39 18 46.2 
Chicken yard 15 3 20.0 
Under or near 
dwelling 38 6 15.8 


Other 8 0 


34 


Table 2. Mean values of various physical attributes and chemical components of 100 
samples of soil, by source of sample and by presence or absence of H. capsulatum, Wil- 
liamson County, Tenn., August 1953. Values for NO,, P,O;, K,O, CaO, and MgO are 
in pounds per acre available; values for loss on ignition, moisture-holding capacity, and 


clay are percentages. 


Normal 


Chicken house 


— average All soils and yard soils Other soils 
medium 

value Pos. Neg Pos. Neg. Pos Neg. 
pH 6.2 6.6 6.2 6.6 6.0 6.5 
NOs i- 59.3 51.9 59.3 58.9 59.2 46.6 
P.O; 100— 150 446.0 461.3 432.0 467.7 500.0 456.3 
K,O 150- 250 539.1 548.8 562.5 614.0 461.2 495.9 
CaO 400-1000 2937.9 2881.7 2930.4 2896.8 2966.7 2870.0 
MgO 40- 100 182.8 175.7 180.4 176.6 191.7 175.0 
Loss on ignition 5- 7 19.4 17.4 2 22.3 11.2 13.6 

Moisture-holding 

capacity 20- 30 35.1 34.0 38.9 40.1 31.3 32.2 


Clay 15 15.3 


19.0 15.4 19.3 15.3 18.9 


by the procedure recommended. by the 
Association of Official Agricultural 
Chemists (6). 

Histoplasma capsulatum was isolated 
from 27 of 100 soil samples (Table 1). 
By far the greatest proportionate yield of 
the fungus was obtained from specimens 
collected inside chicken houses, chicken 
yards, and under dwellings where chick- 
ens had congregated. These findings were 
consistent with the results of previous 
studies (/, 2). 

The physical and chemical analyses 
are correlated with the mycciogical find- 
ings in Table 2. The values for most of 
the attributes studied were so uniformly 
high that small differences became mean- 
ingless. The most noteworthy finding was 
the observation that soils from which 
H. capsulatum had been isolated had an 
appreciably higher acidity than nega- 
tive soils. In addition, it was noted 
that among positive soils, those that 
had been obtained from chicken houses 
and yards.had a significantly higher 
organic carbon content and moisture- 
holding capacity than positive soils 
from. other sources. These observations 
are not unexpected, of course, for soils 
associated with chickens are heavily con- 
taminated with manure and thus are rich 
in organic matter, and the high humus 
content of the soil tends to increase its 
capacity to hold moisture. 

The higher acidity observed in soils 
positive for H. capsulatum suggests that 
the pH may be an important factor in 
determining whether a particular speci- 
men-of soil would make a good or poor 
habitat for the fungus. In the laboratory 
H. capsulatum is capable of abundant 
growth over a wide range of pH. Under 
natural conditions, however, when the 
fungus is competing for survival with 
myriads of other microorganisms in the 
soil, the level of pH may be more vital. 
It is possible that acid soil may act by 
inhibiting certain competitors, rather 


than by enhancing the growth of the 
fungus directly. It may be worthy of note 
that, in areas of highest prevalence of 
histoplasmin sensitivity, the soil is char- 
acteristically acid (7). 

Although the results of these studies 
do not explain either why there is a geo- 
graphic variation in the prevalence of 
histoplasmin sensitivity or the association 
of H. capsulatum in soil with chicken 
habitats, it is hoped that they will stimu- 
late further investigations. 

L. D. Zemperc 
Tennessee Department of 
Public Health, Franklin 

Lisero AJELLO 
Communicable Disease Center, U.S. 
Public Health Service, Atlanta, Georgia 


R. H. Wesster 
Georgia Agricultural Experiment 
Station, Experiment 
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Book Reviews 


Textbook of Physics. R. Kronig, Ed. In 
collaboration with J. de Boer, H. C. 
Burger, P. H. van Cittert, C. J. Gorter, 
A. C. 8. van Heel, P. van der Leeden, 
and G. J. Sizoo, with biographical 
notes and tables by J. Korringa. Inter- 
science, New York; Pergamon, Lon- 
don, 1954. xiv + 855 pp. Illus. $10. 


The original edition of this book was 
written during World War II to satisfy 
the need for a textbook in the Dutch 
language that would cover the entire 
field of physics. Since the book was the 
result of the combined efforts of out- 
standing men in creative research, it is 
not surprising that it was an exception- 
ally clear, concise, and accurate exposi- 
tion of undergraduate physics. The book 
was received enthusiastically, a third 
printing was necessary after only 4 years, 
and the authors were therefore encour- 
aged to prepare an English translation. 
This comprehensive survey of physics has 
thus become available to a much larger 
number of students. 

Textbook of Physics is divided into 12 
principal sections and concludes with 30 
pages of interesting biographical notes 
and a table of natural constants, both 
prepared by Korringa. The first five sec- 
tions present the phenomenological parts 
of physics. The introduction (22 pp.) 
by Kronig contains a brief, well-written 
summary of the mathematical tools of 
physics. The section on mechanics (113 
pp.) by Van der Leeden covers the 
conventional material on dynamics of 
particles and rigid bodies in a rigorous 
condensed treatment (63 pp.). The re- 
mainder is allocated about equally to 
gravitation, elasticity, and fluids. The 
following section on vibration and waves 
(51 pp.) by the same author is about 
evenly divided between the theory of 
vibration and the mechanism of wave 
propagation. Several topics of this sec- 
tion, such as forced vibrations of a 
damped system and group velocity in 
wave propagation, are more advanced in 
nature and, hence, are presented in small 


The fourth section on electrodynamics 
(153 pp.) by Sizoo is an excellent treat- 
ment beginning with the simple concepts 
of charge, current, and voltage, and lead- 
ing logically into the more advanced 
concepts of electric and magnetic fields, 
alternating currents, electromagnetic 
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waves, and theory of relativity. A sum- 
mary, which compares the formulas for 
the electric field with those for the mag- 
netic field, at the end of the section has 
especially great pedagogic value. The 
fifth section on physical optics (88 pp.) 
by Van Cittert is a fairly standard treat- 
ment of interference, diffraction, and 
polarization phenomena. 

The next three sections present the 
atomistic parts of physics, Section six on 
atomic structure (50 pp.) by Kronig dis- 
cusses cathode rays, radioactivity, Bohr’s 
postulates (but not Bohr theory), light 
quanta, and matter waves. Line spectra, 
X-ray spectra, and band spectra are intro- 
duced in a logical fashion by a short dis- 
cussion of quantum mechanics. The 
treatment of the interaction between 
radiation and atoms (4 pp.) and nuclear 
physics (5 pp.) are unfortunately brief. 
Section seven on atomic theory of heat 
(70 pp.) by de Boer covers kinetic theory 
(including transport phenomena), crystal 
structure, specific heat of solids, and the 
theory of radiation. Section eight on 
atomic electricity (45 pp.) by Gorter is 
principally a short account of electric 
conduction in solids, liquids, and gases. 
Several topics in solid-state physics 
(dielectric polarization, semiconductors, 
and magnetic properties of solids) are 
discussed but all too briefly. Less than 
two pages is devoted to semiconductors. 

The last four sections are appropriately 
placed at the end of the book in order 
to avoid disturbing the continuity of the 
major portion. Section nine on thermo- 
dynamics (74 pp.) by de Boer covers 
much of the standard material given in 
an introductory course in the subject. 
Section ten on electric instruments (35 
pp.) by Gorter and section eleven on 
optical instruments (68 pp.) by Van 
Heel are particularly valuable as refer- 
ence material. The final section on medi- 
cal physics (41 pp.), by Burger is some- 
thing really new in a textbook of this 
sort and is therefore. particularly wel- 
come, especially to students in biology 
or biophysics. 

As a textbook this volume is impres- 
sive in many respects. The subjects are 
treated so rigorously and coherently that 
a student will not have to unlearn any 
material if he continues his studies in 
physics. It is beautifully printed. Typo- 
graphic errors are practically nonexistent. 
The rationalized mks system is used ex- 


clusively throughout the book. The prin- 
cipal weakness from a teacher’s point of 
view is the complete absence of problems 
and the almost complete absence of illus- 
trative numerical examples. 

Textbook of Physics has many excel- 
lent features that make it an outstanding 
reference work as well as a textbook. In 
particular, one might mention the num- 
erous more advanced topics printed in 
small type, the many subjects of special- 
ized interest marked by asterisks, the 
lists of books recommended for further 
study (at the end of each section), and 
the biographical material. It would in- 
deed be a valuable addition to the book- 
shelf of any serious student of science. 

G. C, Danie_son 
Department of Physics, 
Iowa State College 


Modern Aspects of Electrochemistry. 
J. OM. Bockris, Ed. With the assist- 
ance of B. E. Conway. “Modern As- 
pects Series of Chemistry,” No. 1. F. 
C. Tompkins, Ed. Academic Press, 
New York; Butterworths, London, 
1954. x + 344 pp. Illus. $6.80. 


This is the first of a series of books to 
be published on the modern aspects of 
chemistry, and it deals with five topics 
in the field of electrochemistry. It is 
hoped that this book will not be the sole 
one in electrochemistry. Although the 
topics, discussed by experts in the fields, 
are well done and timely, they cover a 
restricted area in electrochemistry. 

The editors have compiled an interest- 
ing reference book, which should prove 
valuable to the specialist and to those 
with fundamental backgrounds but not 
actively engaged in electrochemistry. The 
topics, are presented somewhat in the 
nature of reviews in five chapters: “Phys- 
ical chemistry of synthetic polyelectro- 
lytes,” H. Eisenberg and R. M. Fuoss; 
“Tonic solvation,” B. E. Conway arid J. 
O'M. Bockris; “Equilibrium properties 
of electrified interphases,’ R. Parsons; 
“Electrode kinetics,” J. O'M. Bockris; 
and “Electrochemical properties of nerve 
and muscle,” W. F. Floyd. 

Eisenberg and Fuoss give a good dis- 
course for the expert on the modern ad- 
vances made in the physical chemistry 
of synthetic polyelectrolytes. Although it 
contains much that is electrochemistry, 
it includes discussions, undoubtedly es- 
sential, on the structure of polyelectro- 
lytes as found from colligative, surface, 
and hydrodynamic properties, and in this 
sense deviates from Bockris’ definition of 
electrochemistry as given in his preface. 

Conway and Bockris emphasize once 
again the difficulties encountered in ob- 
taining unequivocal values for the de- 
gree of solvation of ions and discuss at 
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length the various methods used to ob- 
tain hydration numbers and the reasons 
the various methods do not give con- 
cordant results. They appear to accept 
the thesis of “primary” and “secondary” 
solvation and the concept that values of 
“secondary solvation” are dependent on 
the method used in their determination. 

Parsons gives an outline of recent at- 
tempts to evaluate the electric potential 
of interfaces, devoting a large portion to 
the concepts of Lange. Parsons clearly 
points out wherein various theories fail 
to represent experimental observations 
and where necessary evidence for a hy- 
pothesis is lacking. 

Bockris, in a systematic manner, out- 
lines recent concepts regarding the kinet- 
ics of electrode reactions. His chapter is 
highly mathematical. He presents, in an 
interesting way, modern aspects on poly- 
electrodes, sonic electrode kinetics, and 
photo-electrode kinetics. 

Floyd presents a most enjoyable dis- 
cussion of the electrochemistry of nerves 
and muscles. His chapter can be followed 
readily by those not engaged in electro- 
physiology. It is well illustrated and gives 
emphasis to chemical aspects. 

An extensive bibliography is included 
with each chapter. Most readers will find 
this book well worth while. It should be 
read by those who are engaged in or who 
contemplate work in electrochemistry. 

Wa ter J. HAMER 
Electrochemistry Section, 
National Bureau of Standards 


La Cybernétique. Du cerveau humain 
aux cerveaux artificiels. Paul Cossa. 
Collection, Evolution des Sciences. 
Masson, Paris, 1955. 98 pp. Illus. 
Paper, F. 525. 


This little book, by a neurologist, is 
written in a sprightly and popular style 
and betrays no indications that the au- 
thor is the least bit overawed by the 
claims of enthusiastic cyberneticists. Its 
nine chapters touch on the origin of 
cybernetics (following the introduction 
of Wiener’s Cybernetics and, so, under- 
estimating the contribution of early work 
in communication engineering, process 
control industries, and the like), models 
of vital behavior, feedback, the mechan- 
ical “animals” of Grey Walter, Albert 
Ducrocq, and the homeostat of Ashby 
(referred to generally as “les petits mon- 
stres”) electronic calculators (numerical 
and logical) and translators (dubbed 
“les grandes monstres”), the informa- 
tion concept and entropy, aspects of the 
new industrial revolution implied by au- 
tomation, and finally whether machines 
can think, learn, or create, and similar 
metaphysical considerations. 

Cossa has dome an excellent job of 
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popularization without becoming sloppy 
in his treatment of concepts that are not 
always elementary. The only bone I 
would pick with him concerns the opin- 
ions expressed on what machines cannot 
do. It is no real limitation on machine 
behavior to say that a machine can do 
only what its creator designs it to do, for 
it is not inconsistent with science to view 
man himself, exhibited by the author as 
not so limited, as a creature that can 
do only what his Creator designed him 
to do! To say that a machine cannot 
create, perform a critical function, or 
learn is mere rhetoric without an opera- 
tional specification of what these words 
mean. I find it more plausible to believe 
that (i) what can be specified operation- 
ally can be realized in principle in a 
machine, and (ii) insofar as the mecha- 
nistic viewpoint is valid in biology, ad- 
mitting creativity, and so forth, in man, 
it implies the same for the machine. Of 
course, no machine can do these things 
now, but denial of the possibility of it 
ever doing so seems unjustifiable. 
Jerome RorHsTEIN 
Signal Corps Engineering Laboratories 


The Chemistry of Petroleum Hydrocar- 
bons. vol. I. Benjamin T. Brooks, 
Cecil E. Boord, Stewart S. Kurtz, Jr., 
and Louis Schmerling, Eds. Reinhold, 
New York, 1954. viii +646 pp. Illus. 
$18. 


This volume of The Chemistry of Pe- 
troleam Hydrocarbons has been written 
by 60 outstanding chemists who have 
spent the major portion of their lives in 
this field. They have concentrated in 646 
pages the chemistry of a field of hydro- 
carbons that bears an intimate relation- 
ship to the 8-million-barrels daily pro- 
duction of petroleum which plays such a 
highly important role in our economic 
life, our welfare, and the defense of our 
nation. Many of these experts are in the 
petroleum industry. 

The scope of this volume covers 
mainly scientific fundamentals. There 
are 21 chapters: “Hydrocarbons in Natu- 
ral Gases,” by D. T. McRoberts ( United 
Gas Co.) and T. W. Legatski (Phillips 
Petroleum Co.) ; “Hydrocarbons in Gas- 
olines, Kerosenes, Gas Oils and Lubricat- 
ing Oils,” by A. N. Sachanen (Socony- 
Vacuum Oil Co.); “Composition of 
Petroleum Waxes,” by B. T. Brooks (con- 
sultant, New York); “Types of Crude 
Petroleum,” by W. A. Cruse (Mellon In- 
stitute of Industrial Research); “The 
Composition of Shale Oils,” by H. N. 
Thorne and J. S. Ball (U.S,-Bureau of 
Mines); “Origin of Petroleums,” by B. 
T. Brooks (consultant, New York) ; “Ex- 
tractive and Azeotropic Distillations,” by 
C. S. Carlson (Standard Oil Develop- 


ment Co.) ; “Separation of Aromatics by 
Selective Absorption,” by A. E. Hirschler 
(Sun Oil Co.); “Principles of Solvent 
Extraction,” by A. W. Francis and W. H. 
King (Socony-Vacuum Oil Co.) ; “Sepa- 
ration of Paraffins by Urea and Thio- 
urea,” by R. L. McLaughlin (Mellon In- 
stitute of Industrial Research) ; “Physical 
Properties and Hydrocarbon Structure,” 
by S. S. Kurtz, Jr. (Sun Oil Co.); 
“Ultraviolet Spectra of Hydrocarbons,” 
by W. Priestley and B. F. Dudenbostle 
(Standard Oil Development Co.) ; “Mo- 
lecular Structure and Spectroscopic 
Data,” by E. J. Rosenbaum (Sun Oil 
Co.); “Analytical Applications of Infra- 
red and Raman Spectroscopy,” by H. 
M. Tenney (Esso Standard Oil Co. of 
Louisiana); “Mass Spectroscopy of Hy- 
drocarbons,” by W. S. Young (Atlantic 
Refining Co.); “Analysis and Composi- 
tion of the Heavier Petroleum Frac- 
tions,” by K. Van Nes (Royal Dutch 
Shell Co., Amsterdam) ; “Preparation of 
Pure Paraffins and Olefins,” by B. T. 
Brooks (consultant, New York); “Syn- 
theses of Low Molecular Weight Ali- 
cyclic Hydrocarbons,” by J. M. Derfer 
(Ohio State University); “Syntheses of 
Low Molecular Weight Aromatic Hy- 
drocarbons,” by J. M. Derfer (Ohio 
State University); “Syntheses of High 
Molecular Weight Hydrocarbons,” by 
R. W. Schiessler and R. L. McLaugh- 
lin (Pennsylvania State University) ; 
“The Fischer-Tropsch Process,” by H. 
H. Storch (U.S. Bureau of Mines). 
After studying this book I have come 
to the conclusion that no one in the oil 
industry who has to do with hydrocar- 
bons in oil can afford to be without it. 
It is a handbook of knowledge on a sub- 
ject that has been long overdue. 
Gustav EGLorr 
Universal Oil Products Company 


International Review of @ytology. vol. 
III. G. H. Bourne and J. F. Danielli, 
Eds. Academic Press, New York, 1954. 
530 pp. Illus. $9.50. 


Subjects reviewed in this volume in- 
clude nutrition of animal cells; karyo- 
metric studies on cells in tissue culture; 
properties of urethane and its action on 
mitosis; composition, and structure of 
giant chromosomes; chromosomes in 
mammalian somatic cells; enzymes in 
isolated nuclei; differential centrifuga- 
tion of homogenates; enzymatic aspects 
of embryonic differentiation; azo dye 
methods in enzymatic histochemistry; 
transparent chamber methods; the mast 
cell; elastic tissues; and composition of 
the nerve cell. All are by outstanding 
authors—Weymouth, Bucher, Cornman, 
Alfert, Beatty, Dounce, De Duve and 
Berthet, Gustafson, Pearse, Williams, As- 
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boe-Hansen, Dempsey and Lansing, and 
Brattgard and Hyden. 

Especially useful for background in- 
formation is the review on karyometric 
studies, since nucleocytoplasmic ratios 
are becoming increasingly significant to 
exfoliative cytologists in distinguishing 
among normal, suspicious, and malignant 
cells. The enzymes in nuclei and methods 
for fractionating particulates as obtained 
from homogenates by differential centri- 
fugation are comprehensively covered. 
The probable roles of enzymes in em- 
bryonic differentiation offer newer slants 
on the complex problems of develop- 
ment and differentiation in general. The 
review on giant chromosomes and an- 
other on the composition of nerve cells 
present a valuable survey of these im- 
portant topics. 

Several reviews are illustrated with 
diagrams or photographs. There is a 
fairly complete review of the important 
literature relevant to each topic. The 
volume carries an author and subject 
index as well as a table of contents for 
each article. 

Altogether, this and the previous two 
volumes in the series (1952 and 1953) 
are beginning to shape up so that in time 
the essential features of cytology in its 
broadest sense will be covered. These 
volumes should be especially helpful to 
teachers and research workers alike; if 
for no other reason than that they offer 
a convenient means for the highly spe- 
cialized investigators of today to main- 
tain a proper perspective of the manifold 
problems that are now being attacked 
from the cellular or subcellular points of 
view. 

M. J. Kopac 
Department of Biology, 
Graduate School of Arts and Science, 
New York University 


Principles of Internal Medicine. T. R. 
Harrison et al., Eds. Blakiston, New 
York-Toronto, ed. 2, 1954. xxiii+ 
1703 pp. + index. Illus. + plates. Stu- 
dent 1-vol. ed., $16; professional, 2-vol. 
ed. boxed, $21. (Order from Mc- 
Graw-Hill, New York). 


This book represents a, deliberate at- 
tempt to conform with the pattern of 
education of the modern medical stu- 
dent. The authors feel that the practice 
of internal medicine should be based on 
an understanding of preclinical sciences. 
Hence, the common features of disease, 
such as pain, ‘headache, fever, shortness 
of breath, and many others, are ade- 
quately discussed from the standpoint of 
their underlying physiological! and bio- 
chemical disturbances by a qualified 
group of contributors. This section of 
the book presents a challenge to the 
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writers that they have met skillfully, 
leaving little to be desired. 

Since a considerable fraction of the 
total number of patients seen by an in- 
ternist have no organic disease, it is 
important to consider extensively those 
symptoms that are based on the so-called 
“functional” disturbances. This is done 
in a new section devoted to neurological 
signs of human suffering. Perhaps more 
attention could be given to discussing 
the mechanisms by which many and 
widely differing symptoms can be pro- 
jected by the patient and in language 
that appeals more to the busy internist 
than to the psychiatrist. 

An important feature of the book is a 
chapter that stresses the immediate sym- 
pathetic concern that must be shown 
the patient, in the form of useful meas- 
ures that can bring relief, before the 
sometimes elaborate mechanisms of diag- 
nosis can be started. 

This book, although geared to the 
education of the student, will not fail to 
satisfy the practitioner who will find 
brief and adequate descriptions of the 
diseases that represent an assembly of 
the symptoms and features previously 
described in fundamental explanations. 
Treatment becomes obvious. Finally, the 
index is apparently accurate—a feature 
not always found in textbooks. 

A. 
St. Louis, Missouri © 


Laboratory Techniques Rabies. 
Monogr. Ser. No. 23. World Health 
Organization, Geneva, 1954. 150 pp. 
Illus. + plate. Paper, $3; cloth, $4. 

U.S. distrib., Columbia Univ. Press, 
New York.) 


A project of the WHO Expert Com- 
mittee on Rabies and the product of 
14 distinguished contributors—including 
Habel, Johnson, Koprowski, and Sellers 
—this book is truly authoritative. How- 
ever, it is intended as a manual and not 
as an exhaustive treatise. The contribu- 
tors were asked to describe practical and 
dependable procedures that “could be 
adapted to the limited facilities and per- 
sonncl of many rabies laboratories in dif- 
ferent parts of the world.” The scope 
embraces the important problem of diag- 
nosis, the production and potency testing 
of both vaccines and hyperimmune 
serum, and the breeding and care of 
laboratory animals. 

Many photographs, including an ex- 
ceptional color plate illustrating the his- 
tologic diagnosis of rabies, accompany 
the usually very clear descriptions. Alter- 
native methods are frequently presented 
to facilitate adaptation of procedures to 
local conditions. To this same end, con- 
siderable stress has been laid on the ra- 


tionale underlying the procedures de- 
scribed. Elementary as much of it will 
seem to the sophisticated reader, this is 
a book of real importance to those con- 
cerned with the operation of public- 
health laboratories located throughout 
the world. 

Joun P. Fox 
Department of Tropical Medicine and 
Public Health, School of Medicine, 


Tulane University 


Inventories of Apparatus and Materials 
for Teaching Science. vol. III: Tech- 
nical Colleges. pt. 4, Electrical Engi- 
neering. UNESCO, Paris, 1954. (Dis- 
trib. by Columbia Univ. Press, New 
York.) 147 pp. Paper, $2.75. 


This book is one of a series bearing the 
same title. The other volumes are de- 
voted to different types and levels of 
educational institutions in which science 
is taught. All are published as aids to 
educators whose task it is to rehabilitate 
schools in war-damaged or underdevel- 
oped areas. 

The training of electrical engineers in 
France, as it is done in Paris at the Ecole 
Supérieure d’Electricité, is discussed in 
the first part of the book. A complete in- 
ventory of the technical apparatus of the 
school is presented with the dollar value 
of each item. To clarify the uses of the 
apparatus, the curriculum is outlined in 
great detail. A rather complete picture 
of the operation of the school is thus 
available, although it may be somewhat 
misleading because the importance of, 
and emphasis given to, various courses is 
not explained. 

In the second part of the book, the 
corresponding information is presented 
for the electrical engineering course at 
the-Kungliga Tekniska Hégskolan (Royal 
Institute of Technology), Stockholm. 

The third and final part concerns the 
higher teaching of electricity in Great 
Britain. This section is extremely brief 
and is devoted to a general explanation 
of the educational practices of the coun- 
try. No inventories are presented and no 
particular school is used to illustrate these 
practices, 

To those readers for whom the book 
was intended, its contents will undoubt- 
edly be of great value and interest. Aside 
from this specific purpose, educators in 
the electrical engineering field may find 
some interest in the purposes and meth- 
ods of other schools. It would seem that 
the value of the book would have been 
considerably increased if a wider varicty 
of educational institutions had been dis- 
cussed. 

Lawrence A. Harris 
Electrical Engineering Department, 
University of Minnesota 
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Proceedings of the Thirty-third Annual 
Meeting, Highway Research Board. 
Fred Burggraf and Walter J. Miller, 
Eds. National Academy of Sciences- 
National Research Council, Publ. 324, 
Washington, 1954. xvii + 563 pp. Illus. 
$8. 


This book contains the proceedings of 
a 4-day conference of the highway tech- 
nologists of America conducted by the 
Highway Research Board. The board 
was organized 11 Nov. 1920 to encour- 
age research and to provide a national 
clearing house and correlation service for 
research activities and information on 
highway administration and technology. 

In this volume are 43 of the original 
122 research papers and committee re- 
ports presented at the annual meeting. 
Publication reference is given for those 
papers not in the Proceedings. The pa- 
pers are listed under six major depart- 
ments covering the entire highway field. 
These are (i) economics, finance, and 
administration; (ii) highway design; 
(iii) materials and construction; (iv 
maintenance; (v) traffic and operations; 
and (vi) soils. 

To the highway industry this book 
represents an important addition to its 
growing body of scientific knowledge. It 
is a must for the student of highway 
engineering and for the practical man 
who must apply the results of scientific 
study to highways or other fields with 
similar problems. 

Bonner S. CorrMAN 
Department of Highways, District of 
Columbia Engineer Department 


Probleme und Beispiele biologischer Re- 
gelung. R. Wagner. Georg Thieme, 
Stuttgart, 1954. v+ 219 pp. Illus. DM 
29.40 (U.S. distrib., Intercontinental 
Medical Book, New York.) 


Einfuhrung in die biologische Registrier- 
technik. Herbert Klensch. Georg 
Thieme, Stuttgart, 1954. x +222 pp. 
Illus. DM 33. (U.S. distrib., Inter- 
continental Medical Book, New York.’ 


Wagner applies to certain problems of 
neurophysiology and circulation the 
point of view of the engineer who is in- 
terested in control mechanisms involving 
feedback. There is little new factual ma- 
terial in this book. Wagner’s own experi- 
ments, published in 1925, in which he 
analyzed through action potentials volun- 
tary movements that were performed 
against friction, inertia, and_ elastic 
forces, form the core of the first part. 
The regulation of the blood pressure 
through sinoaortic mechanisms and the 
role of heart reflexes (v. Bezold-Jarisch ) 
are the chief topics of the second part. 
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The aim of this study, however, was 
not to reveal new facts but to gain in- 
sight into the principal features of regu- 
latory mechanisms that apparently have 
little in common. In this, the author suc- 
ceeds in a searching and often brilliant 
analysis. He shows the significance of the 
tendon receptors for the regulation of 
muscle tension and the importance of 
the muscle spindles for the regulation of 
height and speed of voluntary contrac- 
tions. He points out the analogous role 
of sinoaortic receptors responding to ten- 
sion and to seceptors in the heart re- 
sponding to stretch for the regulation of 
blood pressure and the minute volume 
of the heart, respectively. Central varia- 
tions in the blood pressure, pupillary re- 
fiexes, and other phenomena are ana- 
lyzed from the same point of view. The 
book is recommended to anyone inter- 
ested in an organismically oriented physi- 
ology. 

Klensch’s book gives a_ well-written 
and abundantly illustrated introduction 
to the various laboratory procedures used 
in current physiological research. It will 
be useful to others besides the beginner, 
since it contains a detailed bibliography. 
The latter, however, is largely restricted 
to the German literature. 

E. GELLHORN 
Laboratory of Neurophysiology, 
University of Minnesota Medical School 


The Why of Chemistry Problems. Fred 
B. Eiseman, Jr. Educational Publ., St. 
Louis, 1954. iv +303 pp. Illus. $4.50. 


In the words of the author: “It is felt 
that, by working a mathematical prob- 
lem that requires an exact numerical 
answer, the student will gain his insight 
into the principles of chemistry that un- 
derlie and are the basis of the solution 
to the problem. . . . A knowledge of the 
laws and principles can be acquired by 
simply memorizing them. However, it 
should be obvious that meaning, and 
therefore, understanding, can only ac- 
crue to these laws if their application 
and use can be pointed out, and if the 
student is required actually to use them 
in some practical situation.” One may 
acquire the theory of chemistry by read- 
ing, but the art of laboratory synthesis 
and the solution of chemical problems 
must be acquired by individual perform- 
ance involving the use of both the mind 
and the hands. 

Subjects included in the various chap- 
ters include: how to solve problems; 
the metric system; significant figures; 
conservation of mass and energy; atomic 
weights; gram atomic weights; molecu- 
lar weights; writing formulas; percent- 
age composition; simplest formula, true 
formula; balancing equations; weight- 


weight problems; short-cut in weight- 
weight problems; excess reactant; the 
gas laws, use of the gas laws in practical 
situations; gram molecular volume and 
specific gravity and density; true for- 
mula by using the gram molecular vol- 
ume; weight-volume problems, vapor 
density of gases and density and specific 
gravity of solids and liquids; volume-vol- 
ume problem; Raoult’s law and molal- 
ity; molarity; equivalent weight; normal- 
ity; titration problems; equivalent weight 
and excess reactant; electrochemical 
equivalent; advanced problems in ioniza- 
tion; problems dealing with specific ele- 
ments; and writing equations for specific 
elements. 

Each chapter concludes with a set of 
problems. It is obvious that this book is 
designed to cover the problem area for 
any introductory textbook in chemistry; 
it should serve the objective well, par- 
ticularly for students who have difficulty 
with chemistry problems. 

The book is recommended for the 
careful consideration of teachers of in- 
troductory chemistry. 

Ep. F. Decerinc 
Natick, Massachusetts 


Chemical Pathways of Metabolism. vol. 
I. David M. Greenberg, Ed. Academic 
Press, New York, 1954. xi+460 pp. 
Illus. $11. 


This publication probably serves a 
useful purpose in assembling a great 
deal of information about the compon- 
ents and mechanisms of the enzymatically 
catalyzed reactions that comprise the 
main chemical pathways of metabolism. 
Volume I consists of eight independent 
reviews by 10 well-known authors, 

Chapter 1, “Free energy and metabo- 
lism,” illustrates some biochemical ap- 
plications of the principles that relate 
free energies and chemical equilibria. 
Such fundamental material is properly 
placed at the beginning of a work of this 
kind, but, perhaps in a revised edition, 
theoretical principles should be more 
systematically developed for the benefit 
of those who lack adequate preparation, 
or this preparation should be taken for 
granted so as to permit a more exhaustive 
review of recent developments in bio- 
chemical thermodynamics. 

Chapter 2 presents a characteristically 
stimulating description of the concerted 
action, effectively implemented in some 
instances by structural organization, of 
“Enzymes in metabolic sequences.” 
Chapter 4 skillfully marshals the crucial 
evidence supporting the most general and 
important of these reaction sequences, 
the final common metabolic pathway 
best known as the “Krebs’ cycle.” 

Of the remaining chapters, three dis- 
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cuss carbohydrates, one lipids, and one 
sterols and steroids. Each of them is a 
comprehensive, well-documented ac- 
count of current knowledge, organized 
and presented according to the experi- 
ence and interests of the authors and the 
nature of the subject. To do justice to 
each would require detailed analysis and 
comparison with other reviews. It may 
be noted, however, that the title of 
Chapter 5, “Other pathways of carbo- 
hydrate metabolism,” scarcely suggests 
how comprehensively it covers the syn- 
thesis, catabolism, and interconversions 
of most of the naturally occurring sugars. 
Both this and the chapter on “Sterol and 
steroid metabolism” are timely, valuable, 
and illuminating, especially to readers 
better acquainted with other subjects. 
Finally, several chapters incorporate ex- 
tensive comparative biochemical obser- 
vations, 

Many readers will find it convenient 
to have available a collection of authori- 
tative reviews covering the entire subject 
of intermediary metabolism. Some may 
also anticipate that the evident value of 
the compilation will stimulate the prepa- 
ration of a unified treatment retaining 
the vitality and originality of the indi- 
vidual chapters of the present volume. 

The technical production of the book 
is excellent. 

Joun Futter Taytor 
Department of Biochemistry, University 
of Louisville School of Medicine 


Books Reviewed in 
The Scientific Monthly, July 


The Earth as a Planet, Gerard P. 
Kuiper, Ed. (Univ. of Chicago Press). 
Reviewed by B. J. Bok. 

Fundamentals of Electrical Engineer- 
ing, Edward Hughes (Longmans, Green). 
Reviewed by R. C. Retherford. 

Needed Research in Health and Medi- 
cal Care, Cecil G. Sheps and Eugene E. 
Taylor (Univ. of North Carolina Press). 
Reviewed by I. Galdston. 

Big Dam Foolishness, Elmer T. Peter- 
son (Devin-Adair). Reviewed by E. F. 
Bordne. 

Proceedings of the First World Con- 
ference on Medical Education, Hugh 
Clegg, Ed. (Oxford Univ. Press). Re- 
viewed by A. Gregg. 

The History and Conquest of Common 
Diseases, Walter R. Bett, Ed. (Univ. of 
Oklahoma Press). Reviewed by S. Peller. 

The Bomb, Survival and You, Fred N. 
Severud and Anthony F. Merrill (Rein- 
hold). Reviewed by R. J. Hansen. 

The Origin of Russia, Henryk Paszkie- 
wicz (Philosopltical Library). Reviewed 
by F. T. Nowak. 

The Passenger Pigeon, A. W. Schorger 
(Univ. of Wisconsin Press). Reviewed by 
J. S. Wade. ? 

A History of Birds, James Fisher 
(Houghton Mifflin; Riverside Press). Re- 
viewed by F. A. Pitelka. 
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Rocket Exploration of the Upper At- 
mosphere, R. L. F. Boyd and M. J. Seaton, 
Eds. (Interscience; Pergamon Press). Re- 
viewed by R. B. Penndorf. 

Introduction to Modern Algebra and 
Matrix Theory, Ross A. Beaumont and 
Richard W. Ball (Rinehart). Reviewed by 
R. R. Stoll. 

Instrumental Methods of Chemical 
Analysis, Galen W. Ewing (McGraw- 
Hill). Reviewed by M. G. Mellon. 

Hopi Ethics: A Theoretical Analysis, 
Richard B. Brandt (Univ. of Chicago 
Press). Reviewed by D. Bidney. 


New Books 


Capricorn Road. Francois Balsan. 
Trans. by Pamela Search. Philosophical 
Library, New York, 1955. 252 pp. $4.75. 

Measurement and Evaluation in Psy- 
chology and Education. Robert L. Thorn- 
dike and Elizabeth Hagen. Wiley, New 
York; Chapman & Hall, London, 1955. 
575 pp. $5.50. 

The Story of FAO. Gove Hambidge. 
Van Nostrand, New York—London, 1955. 
303 pp. $6.50. 

Generali Principles of Geology. J. F. 
Kirkaldy. Philosophical Library, New 
York, 1955. 327 pp. $6. 

Radioisotopes in Biology and Agricul- 
ture: Principles and Practice. C. L. Co- 
mar. McGraw-Hill, New York—London, 
1955. 481 pp. $9. 

Petrographic Mineralogy. Ernest E. 
Wahlstrom. Wiley, New York; Chapman 
& Hall, London, 1955. 408 pp. $7.75. 

Symposium on Atherosclerosis. Publ. 
338. National Acad. of Sciences—National 
Research Council, Washington, 1954. 249 


p. $2. 

The Biologic Effects of Tobacco. With 
emphasis on the clinical and experimental 
aspects. Ernest L. Wynder, Ed. Little, 
Brown, Boston, 1955. 215 pp. $4.50. 

Tea. A symposium on the pharmacology 
and the physiologic and psychologic ef- 
fects of tea. Henry J. Klaunberg, Ed. Bio- 
logical Sciences Foundation, Washington, 
D.C., 1955. 64 pp. Paper, $1. 

College Physiology. Donald M. Pace 
and Benjamin W. McCashland. Crowell, 
New York, 1955. 615 pp. $5.50. 

Anxiety and Stress. An interdisciplinary 
study of a life situation. Harold Basowitz, 
Harold Persky, Sheldon J. Korchin, and 
Roy R. Grinker. Blakiston Div., McGraw- 
Hill, New York—London, 1955. 320 pp. $8. 

Studies of Biosynthesis in Escherichia 
Coli. Publ. 607. R. R. Roberts, P. H. Abel- 
son, D. B. Cowie, E. T. Bolton, and R. J. 
Britten. Carnegie Institution of Washing- 
ton, Washington, 1955. 521 pp. Paper, 
$2.50; cloth, $3. 

Embryogenes’s in Plants. C. W. Ward- 
law. Wiley, New York; Methuen, London, 
1955. 381 pp. $7. 

The Hunting Wasp. John Crompton. 
Houghton Mifflin, Boston, 1955. 240 pp. 
$3. 

Gas Dynamics of Cosmic Clouds. A 
symposium of the International Union of 
Theoretical and Applied Mechanics and 
International Astronomical Union. Inter- 
science, New York; North-Holland, Am- 
sterdam, 1955. 247 pp. $5.75. 


Some Physiological Aspects and Con- 
sequences of Parasitism. William H. Cole, 
Ed. Rutgers Univ. Press, New Brunswick, 
N. J., 1955. 90 pp. Paper, $2. 

Quantitative Analysis: Methods of 
Separation and Measurement. M. G. Mel- 
lon. Crowell, New York, 1955. 694 pp. 
$6.50. 

Walt Whitman’s Concept of the Ameri- 
can Common Man. Leadie M. Clark. 
Philosophical Library, New York, 1955. 
178 pp. $3.75. 

Breeding Beef Cattle for Unfavorable 
Environments. A symposium presented at 
the King Ranch Centennial Conference. 
Albert O. Rhoad, Ed. Univ. of Texas 
Press, Austin, 1955. 248 pp. $4.75. 

Geology: Principles and Processes. Wil- 
liam H. Emmons, George A. Thiel, Clin- 
ton R. Stauffer, and Ira S. Allison. Mc- 
Graw-Hill, New York—London, ed. 4, 
1955. 638 pp. $6.50. 

Advanced Calculus. Angus E. Taylor. 
Ginn, Boston, 1955. 786 pp. $8.50. 

Practical Laboratory Chemistry. A 
manual for beginners. Horace G. Deming. 
Wiley, New York; Chapman & Hall, Lon- 
don, 1955. 209 pp. $3.50. 

Culture and Mental Disorders. Joseph 
W. Eaton. Free Press, Glencoe, Ill., 1955. 
254 pp. $4. 

Differential Equations. Frederick H. 
Steen. Ginn, Boston, 1955. 330 pp. $4. 

Catalogue of the Type Specimens of 
Microlepidoptera in the British Museum 
(Natural History) Described by Edward 
Meyrick. vol. II. J. F. Gates Clarke. Brit- 
ish Museum Natural History, London, 
1955. 531 pp. £6. 

Stochastic Models for Learning. Robert 
R. Bush and Frederick Mosteller. Wiley, 
New York; Chapman & Hall, London, 
1955. 365 pp. $9. 

Early American Science Needs and Op- 
portunities for Study. Whitfield-J. Bell, 
Jr. Institute of Early American History 
and Culture, Williamsburg, Va., 1955. 85 
pp. $1.25. 

Small Boat Owners Guide. Frank C. 
True. Lantern Press, New York, 1955. 
242 pp. $3.50. 

Principes fondamentaux de classifica- 
tion ste!laire. Colloques Internationaux du 
Centre National de la Recherche Scien- 
tifique. CNRS, Paris, 1955. 188 pp. F. 
1200. 

Theory of Ordinary Differential Equa- 
tions. Earl A. Coddington and Norman 
Levinson. McGraw-Hill, New York—Lon- 
don, 1955. 429 pp. $8.50. 

Bird Navigation. Cambridge Monogr. 
in Exptl. Biol., No. 3. G. V. T. Matthews. 
Cambridge Univ. Press, New York, 1955. 
140 pp. $2.50. 

Solar Energy Research. Farrington 
Daniels and John A. Duffie, Eds. Univ. 
of Wisconsin Press, Madison, 1955. 290 


pp. $4. 

Lehrbuch der Praktischen Orthopadiec. 
Ph. Erlacher, Ed. Maudrich, Wien-Bonn, 
Germany, 1955. 549 pp. $24.50. 

Theoretical Structural Metallurgy. A. 
H. Cottrell. St Martin’s Press, New York, 
ed. 2, 1955. 251 pp. $4.50. 

Synthetic Methods of Organic Chem- 
istry. An annual survey. Vol. 9. W. Theil- 
heimer. Karger, Basel; Interscience, New 
York, 1955. 481 pp. $18.90. 
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Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 

Tree Grades and Economic Maturity 
for some Appalachian Hardwoods. Sta. 
Paper No. 53. Robert A. Campbell. South- 
eastern Forest Expt. Sta., Asheville, N.C., 
1955. 22 p. 

Point Lobos Reserve. Interpretation of 
a primitive landscape. Audrey Drury, Ed. 
Div. of Beaches and Parks, Dept. of Nat- 
ural Resources, State of California, 1955 
(Order from Printing Div. (Documents 
Section), Sacramento 14, Calif.) 96 pp. 
$1. 

Reserpine in the Treatment of Neuro- 
psychiatric, Neurological, and Related 
Clinical Problems. Annals of New York 
Acad. of Sciences, vo. 61, art. 1. Roy 
Waldo Miner, Ed. The Academy, New 
York, 1955. 280 pp. $3.50. 

Fauna of the Vale and Choza; 10 Trim- 
erorhachic: Including a Revision of Pre- 
Vale Species. vol. 10, No. 21, Fieldiana: 
Geology. Everett Claire Olson. Chicago 
Natural History Museum, Chicago, 1955. 
50 pp. $0.85. 

The Bupleura (Umbelliferae) of North- 
West Himalaya. Publ. in Botany, vol. 27, 
No. 7. Eugene Nasir. Univ. of California 
Press, Berkeley—Los Angeles, 1955. 28 pp. 
Illus. $0.50. 

Consulting Services. Assoc. of Consult- 
ing Chemists and Engineers, New York 
17, ed. 15, 1955. 110 pp. $1. 

Words for Work. Handbook of trade 
terms for a tutoring program for new 
Americans. Jewish Vocational Service, of 
Greater Boston, Boston, 1955. 140 pp. $1. 

Chronicle of the World Health Organi- 
zation. vol. 9, No. 4, World Health Or- 
ganization, Geneva, 1955. 28 pp. $0.30. 

What You Should Know about Smok- 
ing and Drinking. Junior Life Adjustment 
Booklet. W. W. Bauer and Donald A. 
Dukelow. 40 pp. 50¢; What is Popularity ? 
Mary L. Northway. 47 pp. 50¢; A Guid- 
ance Program for Rural Schools. Glyn 
Morris. 48 pp. $1. Science Research Asso- 
ciates, Inc., Chicago 10, 1955. 

Handbook on Pests and Diseases. Spe- 
cial printing of Plants and Gardens, vol. 
11, No. 1. Brooklyn Botanic Garden, 
Brooklyn 25, 1955. 96 pp. $1. 

Les Surfaces derivables relativement a 
une regle de multiplication (en deux 
memoires). Maurice Frechet. North-Hol- 
land, Amsterdam, 1954. 44 pp. 

The Effect of Sugar Supplements on 
Dental Caries in Children. Special Rpt. 
Ser. No. 288. J. D. King, May Mellanby, 
H. H. Stones, and H. N. Green, H.M. Sta- 
tionery Office, London, 1955. 55 pp. 

Transactions of the 19th Annual Meet- 
ing and Technical Conferences of Indus- 
trial Hygiene Foundation. Held 17-18 
Nov. 1954 at Mellon Institute, Pittsburgh. 
The Foundation, Pittsburgh, 1955. 241 
pp. $5. 

Yearbook of Railroad Information. 
Eastern Railroad Presidents Conference, 
New York 6, 1955. 100 pp. 

Alameda County Mosquito Abatement 
District. 24th annual report, 1954. The 
County, Oakland, Calif., 1955. 20 pp. 


Re-analysis of Existing Wave Force 
Data on Model Piles. Tech. Memo. No. 
71. 19 pp. Graphical Approach to the 
Forecasting of Waves in Moving Fetches. 
Tech. Memo. No. 73. 31 pp. Beach Ero- 
sion Bd., Office of the Chief of Engineers, 
Dept. of the Army, Washington 25, 1955. 

Converting Low-Grade Hardwood 
Stands to Conifers in the Arkansas Ozarks. 
Bull. 551. Fayette M. Meade. Agr. Expt. 
Sta., Univ. of Arkansas, Fayetteville, 1955. 
26 pp. 

Insect Homes. Cornell Rural School 
Leaflet, vol. 47, No. 3. 1954. 32 pp. Sum- 
mer Nature Explorations. vol. 48, No. 4. 
1955. 32 pp. New York State College of 
Agriculture, Cornell Univ., Ithaca. 

Disposal of Government-Ownced Coin- 
munities at Oak Ridge, Tenn., and Rich- 
land, Wash. Joint Committee on Atomic 
Energy, Washington 25, 1955. 43 pp. 

Les Esturgeons du fleuve Saint Laurent 
en comparaison avec les autres especes 
d@’ Acipenserides. Peche, biometrie, crois- 
sance, age, migration, pisciculture. Georges 
Roussow. Office de Biologie, Ministere de 
la Chasse et des Pecheries, Province de 
Quebec, Montreal, 1955. 124 pp. 

Trends in Land Acquisition. Highway 
Research Bd., Bull. 101. 82 pp. $1.50. 
Nonprofit Research and Patent Manage- 
ment Organization. Publ. 372. Archie M. 
Palmer. 150 pp. $2. Natl. Acad. of Sci- 
ences—Nat. Research Council, Washing- 
ton 25, 1955. 

Navaho Acquisition Values. Rpt. of 
Rimrock Project Values Ser. No. 5. vol. 
XLII, No. 3. Richard Hobson. Peabody 
Museum, Harvard Univ., Cambridge, 
Mass., 1954. 37 pp. $1.10. 

Psycholinguistics. A survey of theory 
and research problems. Report of 1953 
summer seminar sponsored by Committee 
on Linguistics and Psychology of the 
Social Science Research Council. Charles 
E. Osgood and Thomas A. Sebeok, Eds. 
Indiana Univ., Bloomington, 1954. 203 
pp. Subscription, $4. 

Rapport sur le fonctionnement tech- 
nique en 1953. J. Fournier and P. De La- 
judie. Institut Pasteur de Saigon, Saigon, 
Viet-Nam, 1954. 174 pp. 

The Genus Oreomyrrhis (Umbelli- 
ferae). A problem in Pacific distribution. 
Mildred E. Mathias and Lincoln Con- 
stance. Publ. in Botany, vol. 27, No. 6. 
Univ. of California Press, Berkeley and 
Los Angeles, 1955. 69 pp. $1. 

Mycobacterium Tuberculosis: Bacteriol- 
ogy, Biochemistry, Laboratory Diagnosis 
and Chemotherapy. Milton Gross. The 
author, Jersey City, N.J., 1955. 41 pp. $1. 

The Cepheid Variables and RR Lyrae 
Stars. Annals of the Astronomical Ob- 
servatory of Harvard College, vol. 113, 
No. 3. 33 pp. The Red Variable Stars. No. 
4. 18 pp. Cecilia Payne-Gaposchkin. The 
Observatory, Cambridge. 1954. 

Manpower Resources in the Biological 
Sciences. A study conducted jointly by 
National Science Foundation and U.S. 
Dept. of Labor, Bureau of Labor Sta- 
tistics. The Foundation, Washington 25, 
1955 (Order from Supt. of Documents, 
GPO, Washington 25). 53 pp. 40¢. 

Douze notre dix futur. Jean Essig. 
Dunod, Paris, 1955. 167 pp. 


The National Research Council of 
Canada. Booklet describing organization 
and work of the Council. The Council, 
Ottawa, 1954. 19 pp. 

The Bulletin of the Beach Erosion 
Board. vol. 9, No. 2. The Board, Office of 
the Chief of Engineers, Dept. of the Army, 
Washington 25, 1955. 13 pp. 

Report of the Comptroller General of 
the U.S. on Atomic Energy Commission 
Contracts for Electric Power. pt. I. Re- 
view of Ebasco Services, Inc., performance 
at Joppa, Ill., Steam Electric Station of 
Electric Energy, Inc. Joint Committee on 
Atomic Energy, Washington, 1955. 27 pp. 

The Stone Age Races of Northwest 
Africa. Bull. No. 18. L. Cabot Briggs. Pea- 
body Museum, Cambridge, 1955. 98 pp. 
$1. 

The Medical Significance of Anxiety. 
Richard L. Jenkins. Biological Sciences 
Foundation, Washington, 1955. 46 pp. $1. 

Effect of Fine Particle Sizes on Sulfide 
Flotation. Quarterly of the Colorado 
School of Mines, vol. 50, No. 2. The 
School, Golden, Colo., 1955. 37 pp. $1. 

Planning for Talented Youth: Consid- 
erations for Public Schools. Publ. 1. A. 
Harry Passow, Miriam Goldberg, Abra- 
ham J. Tannenbaum, and Will French. 
Bur. of Publications, Teachers College, 
Columbia Univ., New York, 1955. 84 pp. 
$1. 

Comptes rendus du Comité National 
Francais de Geéodesie et Géophysique; 
année 1952. A. Gougenheim. Secretariat 
General du Comité Francais, Paris, 1953. 
224 pp. 

Records of Oceanographic Works in 
Japan. vol. 2, No. 1. Pacific Science Liaison 
Committee. Japanese Natl. Commission 
f.r UNESCO, Tokyo, 1955. 213 pp. 

Les proprietés des copals du Congo 
belge en relation avec leur origine bot- 
anique. Série Technique, No. 44. L. Hel- 
linckx. L’Institut National pour lEtude 
Agronomique du Congo Belge, Brussels, 
1955. 42 pp. Illus. F. 40. 

First Technical Progress Report Cov- 
ering Work Done in 1954. Rpt. 4. Air 
Pollution Foundation, Los Angeles, 1955. 
89 pp. 

Bibliography on Southwestern Asia: II. 
A second compiiation. Henry Field. Univ. 
of Miami Press, Coral Gables, Fla., 1955. 
126 pp. 

Tests on Large Culvert Pipe. Highway 
Res. Bd, Bull. 102. Natl. Acad. of Sci- 
ences—Natl. Research Council, New York, 
1955. 18 pp. $0.45. 

Speak Truth to Power. A Quaker search 
for an alternative to violence. American 
Friends Service Committee, New York, 
1955. 72 pp. $0.25. 

Dust Insecticides for the Control of the 
Imported Cabbage Worm. Bull. 590. G. 
A. Wheatley. Connecticut Agr. Expt. Sta., 
New Haven, 1955. 15 pp. 

How Damage to Balsam Fir Develops 
after a Spruce Budworm Epidemic. Sta. 
Paper No. 75. Thomas F. McLintock. 
Northeastern Forest Expt. Sta., Upper 
Darby, Pa., 1955. 18 pp. 

Radiation and Monitoring Fundamen- 
tals for the Fire Service. International 
Assoc. of Fire Chiefs, New York 1, rev. 
ed., 1955. 72 pp. 
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Scientific Meetings 


Physical Anthropologists 


The 24th annual meeting of the Amer- 
ican Association of Physical Anthropolo- 
gists was held in Philadelphia, 4-6 Apr. 
1955, at the Jefferson Medical College, 
immediately before the meetings of the 
American Association of Anatomists. 
Two sessions were held jointly with the 
anatomists on 6 Apr. On 5 Apr, a sym- 
posium on human genetics and race 
(Spuhler, chairman) was held at the 
Wistar Institute, and a symposium on 
anthropology and medical education 
(Lasker, chairman) was held at the Uni- 
versity Museum of the University of 
Pennsylvania. As a discussion prepara- 
tory to the section on anthropology in the 
forthcoming 1955 Teaching Institute of 
the Association of American Medical 
Colleges, this symposium showed the 
growth of physical anthropology stimu- 
lated by the relative vacuum between the 
fields of anatomy, genetics, physiology, 
medicine, and the social sciences, This 
theme was spelled out by retiring presi- 
dent William L. Straus, Jr., in his ad- 
dress at the annual dinner on “The train- 
ing of the physical anthropologist.” 
Straus asked for a swing away from the 
tradition of training first as “the com- 
pleat anthropologist” toward a primary 
training in the full depth and breadth of 
biology (from genetics to pathology) 
with the eventual aim of analyzing the 
forces that underlie the morphology 
which now provides most of our meas- 
urable data. 

W. M. Krogman and his staff at the 
Philadelphia Center for Research in 
Child Growth staged an informative and 
well-attended demonstration of their 
techniques and results. At the University 
Museum the American Institute of Hu- 
man Paleontology exhibited (Eiseley) the 
collection of casts of remains of fossil 
man which the museum offers at cost to 
interested institutions or individuals. This 
service was made possible by purchase of 
the Barlow collection of molds through 
the generosity of the Wenner-Gren Foun- 
dation [Science 120, 7A (1954)]. 

Out of 48 papers and demonstrations 
at least 20 were primarily anatomical, 
dealing in some eases with soft tissue 
form (Hertzberg and Saul, R. Newman, 
Baker), growth {Noback), or pathology 
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(Michels, Papez). But more papers dealt 
with bone, again in relation to form and 
function (Dempster, Miles and Sullivan, 
Hutchinson, Howell, Evans), growth 
processes and aging (Stewart, Cobb, 
Angel, Moss, Hurme) including such as- 
pects of bone physiology as ash-weight 
(Trotter), and pathology (Angel, Stew- 
art, Thieme, Goff). Further aspects of 
growth were discussed by Sarnas and 
Asling (skull in men and in rats, respec- 
tively), Krogman, Swindler, and Ger- 
ald (child growth), Schulman (Israel), 
Garn (tissue-mass radiography related to 
age and hormones), and Gavan and van 
Wagenen (macaques). 

Hertzberg and Saul’s applied study of 
face form and R. Newman’s and Baker's 
discussions of fat deposition and body 
composition related to climate fitted in 
with less adaptively specific papers on 
race and evolution (Gusinde, Neumann, 
M. Newman, Eiseley, Howell, Straus). It 
is significant that this central stronghold 
of physical anthropology was no more 
stressed than the area of human genetics 
with a pedigree paper (DePena) and dis- 
cussion of blood-group distributions 
(Hulse, Fry) in addition to papers of 
Hunt, Dunn, Ceppelini, and Spuhler 
that made population genetics the main 
issue of the first symposium. Sutton en- 
tered into this creatively with work on 
tissue-fluid differences among popula- 
tions (paper chromatography ). This bio- 
chemical approach was carried in a non- 
genetic direction by Thieme with work 
on detection of syphilis in bone. 

Much of the second symposium, on 
medical education, stressed the value of 
the statistical approach in the areas of 
growth, variation, and population studies 
(Garn, Greulich, Angel, Krogman, Las- 
ker). But Paul’s contribution, on the in- 
terrelationship between the cultural di- 
mension, biology, and the psychological 
dimension in any disease or syndrome 
brought in the personal element in the 
socialjzation of a future doctor and, 
hence, led to a broader discussion. 

Churchill’s and Spuhler’s expositions 
of statistical applications to body varia- 
tion and to human genetics carried this 
approach further than could a sympo- 
sium, Primary dependence on statistical 
interpretation also marked the two 
papers in pure social biology (Aginsky 
on mating patterns and Goldstein on cri- 


tique of survival of the unfit). These, 
plus the papers of Paul, Dunn, and Hulse, 
stressed the substantial nature of the root 
that physical anthropology has in the be- 
havioral sciences. Furthermore, in at- 
tendance were representatives of social 
anthropology, of medical specialties such 
as orthopedics, gynecology, and radiol- 
ogy, of the orthodontic field, and of the 
biological fields ranging from genetics to 
neurophysiology. 

The association’s newly elected presi- 
dent, Mildred Trotter, is an anatomist 
and is also the first woman to serve as 
president in the quarter-century of the 
association’s existence. W. W. Howells, 
retiring editor of the American Journal 
of Physical Anthropology, was elected to 
the executive committee. Howells, who 
succeeded the late E. A. Hooton as pro- 
fessor of anthropology at Harvard a year 
ago, is the 1954 winner of the Viking 
Fund Medal and Award in Physical An- 
thropology given annually by the Wen- 
ner-Gren Foundation for Anthropologi- 
cal Research. S. L. Washburn of the 
University of Chicago follows Howells as 
editor of the journal, which is published 
by the Wistar Institute. Appreciation was 
expressed to E. J. Farris for his skill and 
foresight in directing the Wistar Institute 
and its scientific press. 

An important step taken at the busi- 
ness meeting was the decision to support 
Section H of the AAAS in its decision to 
withdraw from the 1955 meetings of the 
AAAS scheduled to be held in Atlanta, 
Georgia, a city where racial segregation 
is still in force. The membership of the 
AAPA voted unanimously to adopt the 
following resolution, proposed by W. W. 
Howells as the association’s representa- 
tive to the AAAS. 

“Whereas the American Association 
of Physical Anthropologists cannot by 
principle hold meetings or participate in 
meetings in places where racial segrega- 
tion is practiced, be it resolved that the 
Association hereby associate itself with 
the action of the committee members of 
Section H in declining to participate in 
the meetings of the AAAS in Atlanta in 
1955.” 

This action followed a careful and full 
review of the situation regarding the At- 
lanta meetings by W. M. Cobb, chairman 
of Section H and vice president of the 
AAPA, and a searching and sympathetic 
discussion of Cobb’s data. It was clear 
from this discussion that the members of 
the American Association of Physical 
Anthropologists are fully alive to the 
need for a drive to end all types of segre- 
gative practices if scientific endeavor is 
to flourish. 

J. Lawrence ANGEL 


Daniel Baugh Institute of Anatomy, 
Jefferson Medical College, 
Philadelphia, Pennsylvania 
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® An invitational conference on Recent 
Advances in the Physiology of the In- 
vertebrates, sponsored by the National 
Science Foundation, the Tektronix Foun- 
dation, and the University of Oregon, 
will be held at Eugene, Ore., 12-16 
Sept. The conference was initiated by 
A. W. Martin of the University of Wash- 
ington and has been organized by a com- 
mittee composed of Martin, L. H. Klein- 
holz of Reed College, B. T. Scheer of the 
University of Oregon, and T. H. Bul- 
lock of the University of California. 

The conference will consist of a series 
of reviews, which are to be published, 
followed by informal discussions. A visit 
to the Oregon Institute of Marine Biol- 
ogy at Charleston is planned. Among 
those who have already agreed to par- 
ticipate, besides the committee, are F. A. 
Brown, Jr., J. S. Pringle, J. D. Robertson, 
T. H. Waterman, C. A. G. Wiersma, and 
K. M. Wilbur. Interested persons should 
write to Scheer. 


®The annual meeting of the Society of 
General Physiologists will be held 9-10 
Sept. at the Marine Biological Labora- 
tory, Woods Hole, Mass. A feature of the 
meeting will be a symposium on Physio- 
logical Triggers, organized by T. H. Bul- 
lock of the University of California at 
Los Angeles. For information write to the 
secretary-treasurer of the society, John 
Buck, National Institutes of Health, 
Bethesda 14, Md. 


® The five congress lectures that head the 
extensive program for the 14th Interna- 
tional Congress of Pure and Applied 
Chemistry that is to take place in Zurich, 
Switzerland, 21-27 July are as follows: 
V. du Vigneaud, Cornell University, 
New York, “Oxytocin, the principal oxy- 
tocic of the posterior pituitary gland: 
isolation, structure, and synthesis”; C. 
Dufraisse, Collége de France, Paris, “La 
photooxydation”; N. A. Nesmejanow, 
Académie des Sciences, Moscou, “Zwei- 
fache Reaktionsfahigkeit und Tauto- 
merie”; C. K. Ingold, University College 
of London, “Developments in the theory 
of steric hindrance”; K. Alder, Univer- 
sitat Kéln, “Neuere Entwicklung der 
Dien-Synthese.” 


"The 10th annual Calorimetry Confer- 
ence is scheduled to meet at the Univer- 
sity of Minnesota, 16-17 Sept. As in the 
past, this meeting will bring together 
various scientists—chemists, metallur- 
gists, physicists, and others—who utilize 
the various methods and techniques of 
calorimetry. The conference will be de- 
voted in part to such topics as very low 
temperature calorimetry, liquid-helium 
calorimetry, high- and low-temperature 
adiabatic calorimetry, measurements of 
stored energy in solids and related topics, 
high-precision bomb calorimetry, meas- 
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urements of heats of solutions and heats 
of precipitation, both for liquid-solid and 
solid-solid temperatures, and so forth. 

In addition, the conference concerns 
itself with standard calorimetric samples, 
symbols and terminology, and the pro- 
motion of better instrumentation and 
publication policies pertinent to thermo- 
dynamics data. The various topics may 
be presented as individual reports as 
round-table discussions, or as committee 
reports. The chairman of the 1955 meet- 
ing is Warren DeSorbo of the General 
Electric Co., and the program chairman 
is Edgar F. Westrum, Jr., of the Univer- 
sity of Michigan. 


Society Elections 


® American Board of Clinical Chemistry, 
Inc.: pres., Marschelle H. Power; v. 
pres., Clarence W. Muehlberger; sec.- 
treas., Oliver H. Gacbler, Henry Ford 
Hospital, Detroit 2, Mich. 


Society for Investigative Dermatology, 
Inc.: pres., J. Lamar Callaway, Duke 
University; v. pres., Sture A, M. Johnson, 
313 New Castle Way, Madison, Wis.; 
sec.-treas., Herman Beerman. 


#Illinois State Academy of Science: 
pres., Leland Shanor, University of IIli- 
nois; Ist v. pres., Joan Hunter, Edwards- 
ville High School; 2nd v. pres., Glen S. 
Winterringer, State Museum; sec., Lyle 
E. Bamber, University of Illinois; treas. 
(pro-tem), James W. Neckers, Southern 
Illinois University. Representative to the 
AAAS council is Percival Robertson, The 
Principia. 


® American Psychosomatic Society: pres., 
Stanley Cobb; pres.-elect, I. Arthur Mir- 
sky; sec.-treas., Theodore Lidz, APS, 551 
Madison Ave., New York 22. 


™ American Academy of Dental Medi- 
cine: pres. S. Leonard Rosenthal, 
Temple University; pres.-elect, William 
M. Greenhut, Mount Vernon, N.Y.; v. 
pres., Marcel B. Archambault, Montreal, 
Canada; sec., G. J. Witkin, Yonkers, 
N.Y.; treas., George G. Stewart, Phila- 
delpiia, Pa. 


Meteoritical Society: pres., D. 
Moreau Barringer, Barringer Crater Co., 
1526 Chestnut St., Philadelphia 2, Pa.; 
sec., John A. Russell, University of 
Southern California, 3518 University 
Ave., Los Angeles 7; treas., Paul W. 
Healy, Department of Mathematics, 
University of New Mexico. The vice 
presidents are Carl W. Beck, Department 
of Geology, Indiana University; Dorrit 
Hoffleit, Harvard College Observatory; 
and Stuart H. Perry, Adrian, Mich, Beck 
is representative to the AAAS council. 


®West Virginia Academy of Science: 
pres., A. C. Blackwell, Morris Harvey 
College; past pres., A. R. Collett, West 
Virginia University; pres.-elect, James T. 
Handlan, Jr., Potomac State College; 
sec., Max Ward. Glenville State College; 
treas. H. D. Bennett, West Virginia 
University. 


® Kansas Academy of Science: pres., D. 
J. Ameel, Kansas State College; pres.- 
elect, H. S. Choguill, Fort Hays Kansas 
State College; v. pres. W. H. Horr, 
University of Kansas; sec. and represent- 
ative to the AAAS Council, C. T. Roger- 
son, Kansas State College; treas., Stand- 
lee Dalton, Fort Hays Kansas State Col- 
lege. 


® North Carolina Academy of Science: 
pres., E. C. Cocke, Wake Forest College; 
v. pres., H. W. Jensen, Warren Wilson 
College; sec.-treas. and representative to 
the AAAS Council, John A. Yarbrough, 
Meredith College. 


® Louisiana Academy of Sciences: pres., 
E. C, Greco, United Gas Corp., Shreve- 
port; past pres., W. G. Erwin, North- 
western State College; pres.-elect, H. E. 
Wheeler, Louisiana State University; 
sec.-treas., Roland Abegg, Southeastern 
Louisiana College; permanent sec., H. B. 
Boudreaux, Louisiana State University. 
Representative to the AAAS Council is 
Ellinor H. Behre, Louisiana State Uni- 
versity. 


® National Speleological Society: pres., 
William E. Davies, 125 W. Greenway 
Blvd., Falls Church, Va. The vice presi- 
dents are Burton S. Faust, Joseph D. 
Lawrence, Jr., Jerome M. Ludlow, Al- 
bert C. Mueller, Jr., Brother G. Nicholas. 


®National Association of Boards of 
Pharmacy: pres., Wilbur E. Powers, 
Rockefeller Center, 610 Fifth Ave., New 
York 20; v. pres., Howell R. Jordan; 
sec., P. H. Costello, 77 W. Washington 
St., Chicago 2; treas., Robert L. Swain. 


® National Association for Research in 
Science Teaching: pres., William C. Van 
Deventer, Western Michigan College 
of Education; v. pres., Waldo W. E. 
Blanchet, Fort Valley State College; sec.- 
treas., Clarence M. Pruitt, University of 
Tampa. Representative to the AAAS 
Council is George G. Mallinson. 


®American College of Apothecaries, 
Inc.: pres., Mearl D- Pritchard, Buffalo, 
N.Y.; pres.-elect and representative to 
the AAAS Council, Leroy Weidle, Jr., 
St. Louis, Mo.; v. pres., Calvin Berger, 
New York; sec., Robert E. Abrams, 39th 
and Chestnut St., Philadelphia 4, Pa.; 
treas., Charles V. Selby, Clarksburg, 
W. Va. 
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AAAS SYMPOSIUM VOLUME 


The genetic, physiological, and morphological evidence 
for “sex” in the principal groups of microorganisms— 
viruses, bacteria, fungi, unicellular algae, and protozoa 
—is presented by a group of experts in the field. 


N. Visconti of the Carnegie Institution of Washington 

at Cold Spring Harbor, discusses recombination of 

. “genes” in viruses. J. Lederberg of Wisconsin and E. L. 

Tatum of Stanford review genetic evidence for “sex” 

in bacteria, and W. G. Hutchinson of Pennsylvania and 

H. Stempen of Jefferson Medical College describe cell 

fusions in certain bacteria. J. R. Raper offers a compre- 
hensive coverage of sex in fungi. 


R. Patrick of the Academy of Natural Sciences, Phila- 
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delphia, describes syngamy in diatoms; R. A. Lewin of 
the Maritime Regional Laboratory, Halifax, the sexuality 
of other entediaier algae, especially the flagellates. 


In two chapters D. H. Wenrich covers sexual phe- 
nomena in some of the protozoa and discusses the origin 
and evolution of sex, based primarily on the protozoa, 
but including. material about all of the microorganisms. 
D. L. Nanney of Michigan summarizes mating- 
phenomena in Paramecium aurelia and some of 
recent mating- work from Sonneborn’s laborat 
C. B. Metz of Florida State compares mating-type s' 
stances in Paramecium and other ciliates with those 
a. be Metazoa. Extensive chapter bibliographies are 
included. 
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ELEMENTS OF ZOOLOGY 


By TRACY I. STORER, University of 
California, Davis; and ROBERT L. 
USINGER, University of California, 
Berkeley. 


McGraw-Hill Publications in the 
Zoological Sciences 


558 pages $5.50 


A skillful abridgement of Storer’s very 
successful GENERAL ZOOLOGY. Part 
I deals with the major features of ani- 
mal biology—structure, physiology, re- 
production, genetics and heredity, ecol- 
ogy and distribution, and organic evo- 
lution. Part II includes a detailed out- 
line of animal classification with diag- 
nostic characters and something about 
each major group in the Animal King- 


dom. A synoptic viewpoint of the likes 
and differences in the organs and organ 
systems for each major bodily function 
is stressed. Text material has been or- 
: ganized for clarity of exposition at the 


college freshman level. Careful atten- 
tion is given to incorporating results of 
recent research in physiology, ecology, 
and evolution. New and original illus- 
trations provide an easier and clearer 
understanding of structural features 
and functions in animals. 


OTHER IMPORTANT 
McGRAW-HILL BOOKS 


LIBBIE H. HYMA 
THE INVERTEBRATES 


GENERAL ZOOLOGY 

Second pages, $6.50 
GEORGE C. 

COMPARATIVE | ANATOMY 

OF THE VERTEBRATES 

530 pages, $6.00 

ERNST MAYR, E. GORTON LINSLEY, and 
R. L. USINGER 

METHODS AND PRINCIPLES 

OF SYSTEMATIC ZOOLOGY 

328 pages, $6.50 


McGRAW-HILL 
BOOK COMPANY, 


330 West 42nd Street * New York 36, N. Y. 


Volume |I—Protozoa through Ctenophora. 720 
pages, $10.00 
Voiume |i—Platyhelminthes and Rhynchocoela. 
550 pages, $9.00 
Volume |!|—Acanthocephala, Aschelminthes, and 
Entoprocta. 572 pages, $9.00 
TRACY I. STORER 


Forthcomin g Events 


August 

1-5. American Oil Chemists’ Soc., short course on analyti- 
eal techniques, Urbana, Ill. (L. R. Hawkins, 35 E. 
Wacker Dr., Chicago 1, Ill.) 

1-5. International Cong. of Plastic Surgery, Stockholm 
and Uppsala, Sweden. (J. F. Larsen, 12, Kristianiagade, 
Copenhagen Denmark.) 

1-6. International Cong. of Biochemistry, Brussels, Bel- 
gium. (C. Liebecq, 17 Place Deleour, Liége, Belgium.) 

3-7. International Meeting of Neurobiologists, Groningen, 
Netherlands. (J. A. Kappers, Dept. of Anatomy and 
Embryology, Oostersingel 69, Groningen.) 

5-6. Pennsylvania Academy of Science, University Park, 
Pa. (K. Dearolf, Public Museum and Art Gallery, Read- 
ing, Pa.) 

6-7. Linguistic Soe. of America, Washington, D.C. (A. A. 
Hill, 1719 Massachusetts Ave., NW, Washington, D.C.) 

6-7. Minnesota Acad. of Science, Pipestone, Minn, (B. O. 
Krogstad, Science and Mathematics Div., Univ. of 
Minnesota, Duluth 5.) 

8-10. Inst. of Aeronautical Sciences, Seattle, Wash. (S. P. 
Johnston, IAS, 2 E. 64 St., New York 21.) 

8-13. International Council of Scientific Unions, Oslo. 
(Admin. Secretariat, ICSU, 29 Tavistock Sq., London, 
W.C.1.) 

8-20. International Conf. on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland. (W. G. Whitman, Room 
3468, United Nations, New York.) 

12-17. Canadian Teachers’ Federation, Ottawa. (G. G. 
Croskery, 444 MacLaren St., Ottawa, Ont.) 

15-16. Operations Research Soc. of America, 7th national, 
Los Angeles, Calif. (R. A. Bailey, Military Operations 
Research Div., Lockheed Aircraft Corp., Burbank.) 

15-18. American Veterinary Medical Assoc., Minneapolis, 
Minn. (J. G. Hardenbergh, 600 S. Michigan Ave., Chi- 
cago 5, Ill.) 

15-19. American Institute of Electrical Engineers, Pacific 
general, Butte, Mont. (N. S. Hibshem, 33 W. 39 St., 
New York 18.) 

15-19. American Soc. of Agronomy and the Soil Science 
Soc. of America, joint meeting, Davis, Calif. (L. G. 
Monthey, 2702 Monroe St., Madison 5, Wis.) 

15-19. Plant Seience Seminar, 32nd annual, Gainesville, 
Fla. (C., H. Johnson, School of Pharmacy, Univ. of 
Florida, Gainesville. ) 

15-20. International Dental Federation, 43rd annual, 
Copenhagen, Denmark. (W. R. Klausen, 1 Alham- 
bravey, Copenhagen V.) 

17-24. Australian and New Zealand Assoc. for the Ad- 
vancement of Science, 3lst, Melbourne, Australia. (J. 
R. A. MeMillan, ANZAAS, Science House, 157 Glou- 
cester St., Sydney, N.S.W., Australia.) 

17-9. Canadian Mathematical Cong., 5th summer seminar, 
Winnepeg, Manitoba. (Secretariat, CMC, Chemistry 
Bldg., MeGill Univ., Montreal.) 

19-28. International Conf. of Agricultural Economists, 
Helsingfors, Finland. (J. R. Currie, Dartington Hall, 
Totnes, Devonshire, Eng.) 

19-80. National Assoc. of Biology Teachers, Ann Arbor, 
Mich. (P. V. Webster, Bryan City Schools, Bryan, 
Ohio.) 

22-23. Electronics and Automatic Production Symposium, 
San Francisco, Calif. (Wm. D. MeGuigan, Stanford 
Research Inst., Palo Alto.) 

22-9. Wool Textile Research Conf., Sydney, Australia. 
(F. G. Nicholls, Commonwealth Scientific and Indus- 
trial Research Organization, 314 Albert St., East Mel- 
bourne, Australia.) 

29-31. American Physical Soc., Mexico‘ City, Mexico. 
(K. K. Darrow, Columbia Univ., New York 27.) 

29-2. Infrared Spectroscopy Inst., 6th annual, Nashville, 
Tenn. (N. Fuson, ISI, Fisk Univ., Nashville 8.) 

29-2. International Assoc. for Hydraulic Research, 6th 
plenary, Delft, Netherlands. (L. G. Straub, St. Anthony 
Falls Hydraulic Lab., Minneapolis 14, Minn.) 

29-3. Mathematical Assoc. of America, Ann Arbor, Mich. 
(H. M. Gehman, Univ. of Buffalo, Buffalo 14, N.Y.) 
(See issue of 17 June for more comprehensive listings.) 
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DISPLAY: Rates listed below—no charge for Box Number. 

onthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 
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7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per i 
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For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


BOOKS AND MaGazines 
WANTED TO PURCHASE ... } Sets and runs, foreign 


PERIODICALS } domestic. Entire 
SCIENTIFI and BOOKS collections. wanted 
WALTER Jj. JOHNSON e@ 125 East 23rd St., New York 10, N. Y. 


WANTED: BOOK MANUSCRIPTS 


A publisher with high standards will be happy to read‘ your 
manuscript on any subject, ene or general. Intelligent 
editing, emphasis on book sales, a fair, honest cooperative 
contract if your work is acceptable. Write, or mail your 
manuscript directly, without obligation. 


GREENWICH BOOK PUBL TIERS, INC, 
Atten. MR. INMAN 489 FIFTH AVE. 
NEW YORK 17, N. yo 


Your sets and files of scientific journals 
are needed by our library and institutional customers. Please send 
us lists and description of periodical files you are willing to sell 
at high market prices. Write Dept. Ass, i. S. CANNER, INC, 
Boston 19, Massachusetts 
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BOOKS AND MAGAZINES 


| THE BASIC LAW | 


OF THE UNIVERSAL PHENOMENA 
By J. Henry Hooton. 
Price $2.00 prepaid. 
his book informs how the Earth as a PERMANENT ELEC- 
TRO STATIC MAGNET operates in re aie of gravity. 
How atoms unite to form mass. “THE GLUE.” And the simple 
law that UNIFIES THE FIELD. 
THE ENGLEWOOD PUBLISHING COMPANY 
48 BELMONT STREET 
ENGLEWOOD, NEW JERSEY, U. 8. A. 


YOU CAN PUBLISH YOUR BOOK 


Almost 2000 authors—most of them new-—have had 
their books published, promoted and distributed 
through our unique plan. No matter what type of 
book you've written—fiction, poetry, biography. 
religious — we can help you Send for our free 
illustrated brochure, Can Publish Your Book” 


EXPOSITION PRESS | Dept SWl 


386 FOURTH AVENUE, NEW YORK 16, NEW YORK 
IN CALIFORNIA: 9172 SUNSET BLVD., HOLLYWOOD 46 


FOOD RESEARCH 
LABORATORIES, inc. 


Founded 192 


——e RESEARCH 


@ CONSULTATION 


@ ANALYSES 


Stud: 
for the Food, Drug ond Allied industries 
48-14 33rd Street, Long Island City 1, N.Y. 


BOOK MANUSCRIPTS INVITED | 


Write for Free Booklet SC telling how we can 
your book. All subjects considered. New authors " 
VANTAGE PRESS, Inc. © 120 W. 31 St., = York 1 
In Calif.: 6253 Hollywood Blud., Hollywood 28 
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bs MARKET PLACE 


il PROFESSIONAL SERVICES ||] 


WISCONSIN 


| LABORATORY SERVICES 


FOUNDATION] Project research and consultation in Bio- 
chemistry, Chemistry, Bacteriology and En- 
tomology 


Mineral determinations including sodium and fluor- 


ine © Proximote analyses * Vitamin and amino 
ocid assoys * Food chemistry and microbiology * 
Enzyme investigations 

Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


P.O. BOX 2059-V . MADISON 1, WISCONSIN 


CONSULTATION 
RESEARCH 


SOUTH SHORE 


ANALYTICAL ANDRESEARCH Inc. 
148 ISLIP AVE. . ¥. 


MERCURY CLEANING 
DISTILLING 
Ship us your. mercury. W im- 
mediately in heavy, clear glass bottles 
induction distilled in. glass under vacuum 
guaranteed to meet A.C.S. specs. Minimum 
10 pounds — slight loss in processing 
Identify shipment. 


EBERBACH & SON ANN ARBOR, MICH 


SWISS MICE 


TACONIC 


HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 


HORMONE ASSAY LABORATORIES, Inc. @ 


Healthy — AKC Registered — Immunized 
to $50 each; F.0.B. Ithaca 
J. FATULA — Dog Farm — RRI — Ithaca, N. Y. 


All AMINO ACIDS— 


SUPPLIES AND EQUIPMENT. 


MICE 


“A” Strain 
“C” Strain 
Medical Center Laboratory 
519 E. Club Bivd., Durham, N. 


RESEARCH BIOCHEMICALS 
=== OVER 1500 


NUTRITIONAL BIOCHEMICALS 
Corp. 
Cleveland 28, Ohio 


Write for your copy—free catalogue 


Long-Evans (PAF) 
Wistar (PAF) 


Bred for Research Work by Research Workers 


PACIFIC ANIMAL FARMS 
2457 Fletcher Dr., Los Angeles 39, Calif. 


FRACTIONATORS TRANSFERATORS 
CARDIOVASCULAR RECORDERS 
ELECTROENCEPHALOGRAPHS 
WARBURG APPARATUS 
WATER BATHS 


RATS ® “om ste tana o 


the veterinarian 
HYPOPHYSECTOMIZED RATS to research” 
*Descendants of the Sprague-Dawley 
and Wistar Strains 


HENRY L. FOSTER, D.V.M. 
President and Director 
THE CHARLES RIVER BREEDING LABS. 
Wilmington, Mass. 


natural, synthetic, unnatural, 
Rare Sugars, Biochemical Products, R nts, New 
Pharmaceuticals in stock. Write or phone 
7-8171 for complete price list. 

West 60th Saree 
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BIOS LABORATORIES, INC. Wot 


“OUR PREVIOUS AD su 


created a great deal of interest, for which : 
we are grateful. Additional advertising a 
in your magazine is contemplated.” 
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your point of contact with 


over 68,000 leading scientists 


in the NEW 9th edition of 


AMERICAN 
MEN OF 
SCIENCE 


edited by Jaques Cattell 


Volume I: The Physical Sciences 


A Science Press Publication 


Volume II: The Biological Sciences 


Now you can have up-to-date biographical facts 
on over 68,000 leading physical and biological 
scientists in the United States. Chemist, physicist, 
mathematician, meteorologist, biochemist, zool- 
ogist, botanist . . . you'll find these and more in 
the new two-volume AMERICAN MEN OF 
SCIENCE. YOU know the man — let AMER- 
ICAN MEN OF SCIENCE make your contact 
by telling you his place of business, his home ad- 
dress, his speciality, his educational background, 
& his professional affiliations. 


R. R. Bowker Company 
62 West 45th Street 


Special trial-offer for readers of Science 


TAKE ADVANTAGE of these painstakingly 
accurate facts to put you in touch with — and 
tell you what you want to know about — the 
leading scientists of today! 


“We all use this wonderful index constantly and 
are very much indebted to you and your staff 
for the monumental accomplishment of putting 
it together,” writes Dr. A. R. T. Denues, Sloan- 
Kettering Institute for Cancer Research. 


Use the special coupon below to order your on- 
approval copies TODAY! 


New York 36, New York 
Please send me dn-approval copies of AMERICAN MEN OF SCIENCE 
oe copies of Volume I: The Physical Sciences, now ready @ $20. 
Pere copies of Volume II: The Biological Sciences, ready in September. @ $18. pre-pub., 
$20. post-pub. 
Bill me Check enclosed 
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Now being distributed . . . 


SUPPLEMENT 


to the 


THOMAS CATALOGUE 


1600 New Items 


Current Price List 


NOW ... 22,000 items offered to you for 
immediate shipment from our stock. 


This new Supplement follows the tradition of the 
Thomas catalogue on which the following comment 
was made by a leading scientific periodical: 


“More than a catalogue . . . a source of reference the user 
will place on his shelves with manuals and textbooks." 


The encyclopedic catalogue of 1472 pages and 
the new 264-page supplement list a total of ap- 
proximately 22,000 current items, adequate stocks 
of which are carried for immediate shipment. 

The selection of apparatus is based upon more 
than half a century of experience in supplying the 
needs of laboratories of Chemistry and Biology, 
both large and small. Choice was made after 


careful consideration, and testing by the Thomas 
technological staff. Items included are therefore 
offered with assurance of being satisfactory for 
the purpose intended. 

This new Supplement with current Price List, 
in combination with the general catalogue, con- 
stitutes an up-to-date listing of one of the most 
comprehensive assortments of apparatus and 
reagents available from any single source. 


SUPPLEMENT 


Detailed and factual listings, fully indexed, of new 
items added to our stock since 1950. 

Complete “Price List’ of current apparatus items in 
both catalogue and supplement. 


Supplement now being mailed to all who have the Thomas catalogue. 


SYMBOL OF QUALITY 


A.H.T.CO. 


ARTHUR H. 


THOMAS COMPANY 


SPECIFICATION 
LABORATORY APPARATUS 


Laboratory Afparalus and 


WEST WASHINGTON SQUARE 


PHILADELPHIA 5, PA. 


Teletype Services: Western Union WUX and Bell System PH-72 
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